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A veling & a L* 


oa, team 
Road Retlers & TT actors. 
A umford, | Pe 
OULVBE STREET WORKS, COLOHESTER. 
On ADMIRALTY anp Wap OrFice Lists. 


ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 


See Advertisement, pages 24 and 25, last week. 


PATENT wae BOILERS, 
UTOMATIO FEED EBGULATORS, 


ses guaientiaaane as supplied to the 
2 Admiralty. 2179 


J ohn H.; W itson&COo.,Lid., 
Birkenhead. 


See Illustrated Adverti t 


[ccomotive Sinaiingl ‘es 


Steam and Biectiic Cranes, 


BXCAVATORS, ORANE-NAYVIES, GRABS, 
ONCRBTB-M1X BRS 

SHIPS’ WINDLASSBS WINCHES, and 
DECK MACHINERY 


List OF STANDARD SIZES ON APPLICATION, 
London Office: 15, VICTORIA STREET, 8.W. 1, 
SPECIFY WELDLESS STEEL CHAIN. 


[es a = A 


Sole Manufacturers: WELDLESS CHAINS, Lrp. 
50, WELLINGTON STRERT, GLASGOW. 
ank eee eye 
Specification and Workmanship equal to P 
Main Line 


motives 
R. 2W. pot LESLIE ¢ co., ves 
EBye@rneers, NEWCASTLE-ON-TYNE. 


eS Aeag & Kz 


LERS. See 18, Now. 
Sole Makers: SPENMI-BON 
Parliament Mansions, Victoria St., London, <5 


[rw (fice. 
Mechanical and Structural work undertaken. 
Special machines and plant designed and super- 
vised during manufacture. Contracts for plant 


handled for inspection or complete supervision. 
PROGRESS ENGINEERING DESIGN Fs. 
66, Victoria Street, London, 8.W 


Telephone No,:. Victoria 6162. 

Fi. os di aes MI-MechE., 
nspected, Tested ana 

Se ig ance nl 

Steam | Hammers (with or 


TOOLS for for SHEPBUILDERS. : BOLLE maa, 


& BOIL 
DAV IS & PRIMROSB, Loare Loarrep, Leira, ee 


Penningtons, University 
TUTORS, 254, Oxford Road, Manchester. 
Rstab. 1876, Enrol now for 1.0.8. and 1.M.B. Postal 
Courses, 100 per cent. passes last 
nerete—a new com 
expert engineer, 23 3s. 


Bever, eaatkoss & Co., Ltd., 


HIGH-CLASS ENGINES FOR URPOS 
also WINDING, H HAULING OR ALL 4 MP RMSE NC 
MPING ENGINES. 1896 


BRM ie bn Steam, 
HYD (O pacs Boy SAS 


Rites: RUSBELL So & oo., ea: 
ae ae Gieagow. 
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Wldiess-Bt “Bteel, ” Tubes: 


YARROW & 00. asa, LID. 


PASSENGER AND OARGO STHAMERS, 


SHALLOW DRAFT VESSELS. 


818 

(\ampbells & Ae, L 4 

SPROIALISTS In 

Drillers & Boring Machinery 

for Engine Works and Boller Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


VosPER & & Co, Lep., 








les Limited, 
AU slourage, juju uaxounermy 
BV. RATORS, 


CALOR Row’s 
OONDENSERS, wh HEATERS, Parenrs. 
STBAM axp GAS K 
Merrill's Patent TWIN 
for Pump Suctions 
SYPHONIA STEAMT REDUCING VALVES 
GUNM STHAM 


Ss NMBETAL Gas. 
WATER SOFTENING and FILTERING. 5723 


LID., 


YARROW * 0% 


LAND AND MARINE 


YARROW BOILERS, 





IRON & STEBL 


T bes AND _ Bittings 


Steel Pia, 
Srewsnrs AND Lioris, Lia. 








TRANSPORTER CO., LTD., 
CONTRACTING ENGINEERS. 





DESIGNERS and BUILDERS 
of 
all Classes of HANDLING MACHINERY, 


aman House 
$-50, Holborn Viaduct, 
Lendon, B.C. 1. 


Telegrams: “‘Micontraco, Cent, London.” 
Telephone: Holborn 2822. 


the Glasgow Railway 
Sagereng Srey: 


London Office—12, ee ae 


MANUFACTURERS 0; 
RAILWAY oAamAee, * WAGON & TRAMWAY 
WH & AXLES. 
CARRIAGE & WAGON wien, 
CAST-STEEL BOXES. 


9759 








| iqui id Air, and all other Gases. 

‘band ELECTRICALLY DRIVEN 

RS for press: to 2500 lbs. per 

sq. in. MOTORS 60 to 100 HP. -— 
tion, at about one-third current 
Also DIBSBL Engines to 1200 

Re ghee and other PUMPS, and D.C. 

OTORS, 200/250 volts, from 4 to 600 H. 





JENNINGS, 
West Walls, Newcastle-on-Tyne. m8 iF 


=| P & W. MacLellan, Limited, 
. OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES & WAGONS 
OF EVERY DESCRIPTION, 
RAILWAY 1[RONWORK,BRIDGRS,ROOFING, &c. 
Chief Offices: 129, Trongate,Guaseow. Od 8547 
Registered Orfices: Clutha House, 10, Princes St. 
Westminster, i ‘ 


Pp=iss Drawings, Tracings. 
at oa Drawings ‘Biegie from clients sketches 


purpose machines 


fecigned. es eens ane t specifi- 
= ae 
ag design 











@Las@ow BIRMINGHAM . LONDON. 
SHIP & LAUNOH BUILDERS 04 3681 
ENGINEERS & BOILER MAKERS. See Advertisement Page 26. s00a 
MULTITUBULAR AND 
(Cochran OROSS-TUBE TYPES Fconomy ! 
Bowlers. 
See page 17, Nov, 3. exces 
HIGH BOILER BFPIO‘ENOIES 
[the itchell (onveyor and Se a at ee 


Tiodd Q?! Brrzers 


49-51, HastouEsP, Loxpos, 8.0. 3. 
TODD SHIPYARDS OORPORATION, 
Builders of Steam and Motor Ships, Repairers. 

Blestric Drive Installations. ; 
Twenty-one Floating Docks, Two Graving Docks, 
Twelve Shipways. 


26, Broadway, New York, U.S.A. 9960 





S<. 8 Hydro Pneumatic Ash Kjector. 
wo: ppm ede No noise. No dust. No 


ott. clear of vessel.—Apply, 
. 'y. TREWENT & at a Naval Arsh: 
paces eres. Se liter Bidgs., 
on, 


ON ADMIRALTY LIST, 


ohn Kirkaldy, Ltd., 








J 








London Office: 101, LzapEwHaL. 8r., 8.0.3. 
Works: bacwais’ ~~ > a Hantow, iheerx. 
va; 
a — eh 
Water Distillers. 
Main Feed Pu 
Combined Circu! and Air Pumps. 
Auxiliary Surface 
846 
A. P. Thurston, D,Sce., 
En, eae. Ex atstes on Foteute, 
inventions Southampton 


Goaclee 
uildings, nae, WO. 2. Holborn 9643, 


FR lectric (jranes. 
([raversers. 


['ransporters. 


Lifts. 








Sole Licensees in Great Britain for the manufacture 
of » Aree Rust Corttsion Ppioting te 


The Scottish. Tube Co., Ltd., 





Boilers, Superheaters. 
ne . 
: rae Wark, Boing Reda fe 8179 


ee 


4 





and mechanical am ty " s. H, HEYWOOD & Co., Lrp., 

SOWRE & CRISP, Draughtsmen, : , 

ao a om 

‘ ; Suns Aiaapow Wapaine lama iia pied Woase: 

[lubes ree | ittings. Nelson & Go.; Ltd.; 
YOARRIAGES, 


LWA WAGON! 8 


819 
-) ohn Bellamy ] pmited, 
Gusmnas Comsascornan Beceem, ‘38h 


Boilers, Tanks & Mooring Buoys 


Srints, Perro Tawxs, Arm RECEIVERS, STEEL 
Curmweys, Rivetrep Sream and Vewrimarine 
Pipes, Horrers, Spxcian Work, Reparns 
ALL Kuvps, 





RAILWAY AND TRAMWAY ROLLING 


H= » Nelson & (o., L 


Tax Giaseow Rotiive Srock amp Piast W: 
OTHERWELL. Oa an68 


H=4 Wiighteon & (\o., 


— 
Pot. ((aseels & WV illiamson, 
MOTHBRWSHLL, SOOTLAND. = 


See half-page Advertisement page 73, Oct. 27. 
‘Phone—Holb. 54: Tele 


.—Andrube, Holb. 
Andrew s & Beaumont, 
CHARTERED PATENT AGENTS, 516 
29, Southampton Buildings, London, W.C. 2. 








se 








ailway 
G witches and 
rossings. 
T. SUMMBRSON & SONS, LIMITED, 
Dag.inetor. 





GOLD MBDAL-Invenrrions 


Bee illus. Advt. last week, page 15 





m|Wayvaoono-Oris 


Lirts. 
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M4 & 6, Ferree Luxx, LONDON 
2 & 68, Lio: Sraxrr, B BIMMINGHA 


pian: Or) Bz eines. 





Sizes 25 to 500 B.HP. 





{[ ickers- Petters 8, Ltd., Ipswich 
Ror Pneumatic Power 
Hammers 


Drop Stamping ‘Plant 








Heap OFFice ; Sh Deeertons Seeet Glasgow. 
See Advertisement page 


B. « 8. Peas ee 





[vckium’s Patent Suspended 
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ae, Se 
in Explosions. a 
Sotlere teabeched dering construction. 


APELIOARTSS FOR A an OF THE 
ARD OF TRAD 


Notice is Hereby | Given that 


in pursuance of the 20th section of the 
Com panties (Consolidation) Act, At application has has 
bven made to the , cmnagd = s 
directing an Association to be formed under 
the name of “ THE INSTITUTION OF CHEMI- 
OAL BNGINBERS ” to be registered with Limited 
tthote Fithout the addition of the word 
** Limited ” to ite name. 

The objects for which the Association is proposed 
to be established are :— 

“To promote the science and practice of Chemi- 

cal Engineer ing.” 

The other objects of the Association are set out 
in extenso in the Memorandum of Association, a 
copy of which may be ‘ogaoted at the office of 
Mesars. aera ¥ Son & Pott, Capel House, New 
Broad Street, 8.0. 2 

NOTICE IS AT RREBY FURTHER GIVEN ber 

person, Company, or Corporation objectt 

tae a ppiteation may bring such objection be t. 
the Board of Trade, on or before the 2nd day of 
December next, by a letter addressed to The Comp- 
troller of the ‘Companies Department, Board of 
Trade, Great George Street, London, 8.W. 1. 

DATED this 5th day of November 1922. | W 765 

HOLMBS, SON & POTT, 
Solicitors to the Institution, 











1922. ©, 079, 
IN TH# HIGH COURT OF JUSTIOR, 


CHANOBRY DIVISION. 
MR, JUSTICE EVE. 
IN Ay RAStes OF THE CONCRETE INSTI- 


IN THB MATTER OF THe EOuPARIES (CON- 
SOLIDATION) ACT 1 


Notice is Hereby Given that 


a Petition was on the 30th October 1922 
presented to the High Court of 5 ustice by the above- 
named Company to confirm an alteration of the 
anid Company's objects proposed to be effected by 
apecial resolutions of the SOsenpaay duly passed at 
an extraordinary general meeting of the said Com- 
pany held on the 28th September 1922 and subse- 
quently duly confirmed at an per gy oes 
meeting of the Company held on the 19th October 
a and which resolutions se: as coon he De 

1, ** That the name of the praz se meaged 
to THE INSTITUTION OF 8 RUCTU AL 
ENGINEERS.” 

2, “That Article 3 of the Memorandum of Asso- 
ciation of the Company be altered by omitting the 
several objects numbered 1 to 25 both inclusive 
therein, and by substituting the following objects 
in lieu thereof, namely :— 

“(a) To p ite the sci and art of Struc- 
tural — in any or all of its 


#e @) Te To ‘cunble Structural Engineers to meet 
and correspond and to publish or communi- 
cate information relative to Structural 
srenartien at including the constitution, 

rties, and use of materials 

* (c) Pounject to the provisions of Sec. 19 of the 
Companies (Consolidation) Act 1908, in any 
lawful manner to acquire, hold, and or dis- 
pose of for the purposes of the "Institution 
realan’d personal property and any rights 
or privileges necessary or convenient for 
the sald purposes, and subject as aforesaid 
to exercise in respect of perty of any 
= all the pak an wers of an 


bsolute owner of peat y of that nature. 
he ese do fe such ot lawful things as are 
of the above objects, 


idental or conducive to the attainment 

ly NOTIOR is further given that the said 

Petition is directed to be heard before Mr. Justice 

ive at the Royal Courts of Justice, Strand, London, 

on the 28th oy! of November 1922 and any person 

interested in the said Company whether as creditor 

or otherwise desirous of pon A 

Order for the confirmation of the said alteration 

Went the above Act, wey opbear at ‘he time of the 

nd beta regutred perme gh or hi unsel, for the purpose, 

— b * er two clear days’ previous 

notice in w See of his intention so to appear, with 

the grounds of o one - the unde: ed the 

Solicitors of the said ewer the said 

Petition will be teraishes * to any such person re- 

quiring the same by the unde: ed on payment 
of the regulated charge for the _—- 

Dated the 7th of November, 1922. 

FIELD, ROSCOR & CO., 
36, Lincoln’s Inn Fiel‘is, 
London, W.O, 2, 
Solicitors for the above-named 
Company. Wiis 


nst. O. E., I. Mech. E., B.Sc., 
ZNOWLES, ah Sageceng 3 Examinations,—Mr, G, P. 


A.M.Inst.C.B., F.S.1., 
MR San.L., oe CANDIDAT TRS personally y 


<9, ne.—-a9, Victoria St. vahets, 








S.W. Tel. 4780 Victoria. 


(Sore mee pea Courses for 


Tass. Mow. B., London Univ. 
cae: 10 Mey L eNom a 
by -# Spar ne ond 
betel. ; 
Excel 














PpovietaePonie o mareme = 


Omces of Rapimiieane’ 


eon e 


rag) C. ~ Exams. —Successes 





Brochure on “ nee 
GAL eeeaeei? ss —_ SAL MANAG 
MENT,” with pap ht mag os 
of of training. will t ee ue bene _——_ 
Tue INSTITUTE OF inane 
P, 383, Oxford Rd., Manchester. 985 


TENDEBS. 





BOMBAY, sApeee & nt 
RAILWAY 00 COMPANY 


rectors ar pared to receive 


e Di 
renders for “the Su ‘Supply of :-— 
1, — AND TENDE 
oon th December. 
2, STHAM PIPING, etc. 

3. PLATE AND SHEET GLASS, etc 
4. RAILWAY TICKETS. 

Due noon 22nd November. 

Tenders must be made on forms, copies of which, 
with specification, can be obtained at these offices 
on ent of 20)- each for Nos. 1 and 2, and 10/- 
each for Nos, 3 me + Aig ome will not be returned). 


themselves to accept 
the fowans or any Tender. 
8.G. 8. YOUNG, 
Secretary. 


Offices: 9), Petty ree, 
Westminster, 8.W. 
Oth Hoveniber, 1992, 


INDIA 


W 764 
STATE ELECTRICITY COMMISSION OF 
VICTORIA. 





TENDERS FOR PLANT. 


[renders are Hereby 
Invited for the SUPPLY, esc f 


etc., of the following for the Morwell 
Power Scheme. 
Copies of Tender Form and Specification will be 


available upon application te :— 
AGENT. GENERAL FOR VICTORIA, 


iedeoncne Place, Strand, London, W.O, 2 
SprciFication N bee 23 an SWITCHGEAR . ‘AND 
OHARGE :—£2 Poy a set of these copies complete 

with Tender Forms, Conditions of Contract, Speci- 
fication and Drawings. This charge is returnable 
on receipt of a bona fide Tender. fourth or 


charge is not returnable. 
er Deposit: ~—A Preliminary Deposit 
of £25 is to be lodged with the Tender. 
The Specification may be inspected at the above- 
mentioned office. 
The Commission does not bind itself to accept the 
loTentier yo cribed f 1 dorsed 
‘enders on prese ‘orm, properly en 
on addressed, must be delivered to the undersigned 
in Melbourne not later than Five p-m., on the 15th 


January, 1923. 
R. LIDDELOW, 
Secretary. 


State Blectricity Cumestecten of Victoria, 


Melbourne, Victor’ 


Australia W 706 





ADMINISTRATIVE COUNTY OF LONDON. 
The London County Council invites 


[renders for the Supply 


TWO WATER-TUBE pore Pe Me- 
chanical Stokers and accessories for the Northern 
Outfall Works, by Beckton Gasworks, East Ham 
London, B. 6. h boiler is to have a normal 
my capacity of 15,000 lbs. of water an hour. 

Persons desiring to Tender may obtain on and 
after Monday, 13th November, 1922, the Drawi 
ee Form of Tender, etec., on ap on 
to the Ch ew. at the Old County Hall, 

s Gardens W.1, upon payment of the sum 

This amount will be returnable only if the 

Tenderer shall have sent in a dona Ade Tender and 
shall not have withdrawn the same. , Full particu: 
Jars of the werk may be on 
application, and the tract d 
inspected, at the Old County Hall, before the Fos 
ment of the fee. 

No Tender received at the County Hall, West- 
minster Bridge, 8.8.1, after Four p.m. on Monday, 
4th Nagy wom 1922, will be considered. 

@ Council does not bind itself to accept the 
enen or any Tender, 
ES BIRD, 


JAM 
Clerk of the London County Cat 
114 


of 











THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 


The Directors are prepared to receive 
[lenders for the Supply of the 
following STORES, namely :— 


Fee for Specification. 
* — Sheets, Copper ws 








an 
ron ay aby we will be supplied for the sum of 10s. ed, 8 


BENGAL-NAGPUR RAILWAY OOMPANY 
LIMITED. : 


The Directors are prepared to receive 


nders for :— 
peter fe bgp cael es ty Lage 
at Co one Offi te Graben by a 
m 
Broad St Btreet, Le ndon,.’ B.C. 2, on or after 6th 
ovember 


A fee of 1 ‘ia, will be charged for the specification, 
which will n by be returned. 

Tenders beet 4 submitted not later than noon on 
Friday, 17th November, 1922. 

The Directors oes “egy themselves to accept 


the lowest fw Order of tbe Board W 154 
T. RB. WYNNE, 
CITY OF LEI it WATERWORKS. 
EVINGTON SERVIOR RESERVOIR. 
The Water Committee are 


receive 
esigns and Ten de song the 


ee git ofa COVERED SERVICE 
| ae age R of gallons capacity at 
Bvington, near oman 

General information and By to be 

observed in pape y Bs and Tenders, 

together with Key and C — wotn tans of — can 
be obtained on Tar peg 

and to the 


enders, addressed 
of the Water Committee, Water Works Office 
Bowling Green Street, Leicester, must be received 
not later than Ten a.m. on December ith, 1922, 
endorsed “ Tender for Evington Reservoir.” 

The Water Committee do not bind themseives to 
accept the lower or any Tender, nor to reimburse 
Contractors for and Tenders they may incur in 

s and Tend 
Scie Ea EDWARDS, M. a 0.B., 
Water Engineer. 
Water Works Office, 
Bowling Green Btreet, 
Leicester. W 749 


STATE ELECTRICITY COMMISSION OF 
VICTORIA. 





TENDERS FOR FOR PLANT. 


[fenders are Hereb 
Invited for the SUPPLY, DELIVER 

‘etc., of the following for the Morwell 
"Gop Schem: 


e. 
es of Tender Form and Specification will be 


le u Poy m to :— 
AGENT- a INERAL FOR ba 
sdeteouran Place, eet, ian London, W 


SPrct¥FicaTion No, 23, IGH PRESSURE 
TEAM, DRAIN = BED PIPING, VALVES, 


Carer :—£2 oi for the first two copies complete 
with Tender Forms, Conditions of Contract, 
Specification and Drawings. Thisc is return- 
able on receipt of a dona Tender. Athird or any 
further copies will be supplied for the sum of 
21 1s. each, but this charge is not returnable. 

PRELIMINARY DEPOSIT :—A Preliminary Deposit 
of £50 is to be lodged with the Tender 

The Specification may be inspected ‘at the above 
mentioned Office. 

The Commission does not bind itself to accept the 
lowest or any Tender, 

Tenders on prescribed form, rly aioe 
and addressed, must be delivered unde 
in Melbourne not later than Five p.m., 


January, 1923. 
F R. LIDDBLOW, 


State Hlectricity Commission of Victoria, 
Melbourne, Victoria, 


Australia. : W 707 





THE BURMA RAILWAYS COMPANY, LIMITED. 
The Board of Directors of the Burma Railways 
Company, Limited, are pre to receive 
enders for the Supply of :— 
A. 2, v6 tana, 173 cwts, STEBL RAILS, f,f. (B.S.) 
pag aw F a FISHPLATES, for B.S. 
C. 465,500 ae ae for (N.S.) 50 Ibs. and 
(B.S.) 60 lbs. rails. 
p, 63 BUILT uF CROSSINGS and SWITCHES 
for (N.8.) ~ Ibs. and (B.S.) 60 Ibs. rails, and 
25 ground levers. 
Fees for the ym which are not re- 
turnable, will be charged as follows :— 
For each copy of fessional A 


” ” » ” B - one 
” ” » ” = oes 


ba, | @ 
10s. 


Tenders, enclosed in sealed qnedigin endorsed 
“Tender for Steel _. or as the case may be, 


ta Ne Offices not 
later pas ee 12 noon on a priday, . ae 1923, 
The Directors do not emselves to acce 
any or the lowest Tender, Bs reserve the right 
Fee werk 1a eranitly voqiret. 
e work is urgently req 
pean of the Board, 
F. C. FRANKS, 
Secretary. 


W 776 











Applied «Mechanics, 1 luding the of 
nc 
materials; and workshep experience in 


or allied grades. 
ity as ps, Successful candidates will be 
req to serve in Ar, AL 





Eerie A oa rH 


Se pniliicn anavdies qualladnas 


CIVILIAN ‘EDUCATI 7 
CATION STAFF— 
FORCE. al 


ae A Pplications are Invited 
filled in zany, 1933 or carlin” & 
and Wireless School, 


FLOWERDOWN, NEAR WINC " 
eg MASTEE-IN- ‘CHANGE, Grade Il, = Gand 


No, 1 School of Technical Traini 
eee pies NEAR Bat yh s'gd 
Several graduate ASSISTANT MAST 
III, £375 by £15 to £395 by 220 to 
In the case of appointments to Grade Ill, an 
allowance up to ten increments of the scale cu. be 
granted in respect of previous experience anc \ war 
service. Preference will be AD gon to candidates ; 
have served as commissioned officers in any ot ee 


three Services. 
The sub ects of instruction include Engi! sh, 
thematics, Applied Mechanics, "lc. 
mentary Thermodynamics, Electricity ana 
ee. 
Further particulars and the necessary form of 
Pee ate: can be obtained from the SE RETAR RY 
B.), Air Ministry, Kingsway, London, W M3 





V W 761 
UNIVERSITY OF HONG KONG. 


Ad Lecturer in Mechanical 
Engineering is REQUIRED for the Uni- 
versity of Hong Rm OB didates should be 
graduates in of some British Uni. 
versity. Prteeeen will” be given to unmarried 
men. A sound knowledge of workshop practice, 
ability to take students in steam and oi 
work, and to lecture on practical subjects, is 
required. The Lecturer will be expected to keep all 
the plant of the Laboratories in running order. The 
Selary 2000 t will be on a five 5 agreement, 
£500 per annum, conve urposes of 
local Beewedl - at two shillings to thea dollar. Free 
uarters er an allowance of £100. Half salary from 


te of embarkation. 

Er wt should be submitted in covers 
marked “ 0, A.,” to the SECRETARY, Board of 
Education, Whiteball, London, 8.W.1. scottish 
Candidates should apply to the Secretary, Sete 
Education Department, London, 8.W. 1. W 161 





anted, Several Hi h-claal 


ENGINEER SALESMEN who can show 

a successful record, one each covering Southern, 

Central, and Northern England, also Scotland, 

Must have oe knowledge of Power Plants.— 
Address, W 693, Offices of ENGINEERING. 





Bypgineer.-Senior Assistant 
with good theoretical training and wide 
— engineering experience REQUIRED for 
) grote Office of an important firm. Accustomed 
to control of staff in the preparation and devel 
ment of Engineering schemes of all kinds. Ered. 
lent opportunities for a man of initiative and 
resource, Good salary according to — 
—Addresas, W 783, Offices of ENGINEERING. 


Mi 222ger Wanted for Iron and 


- — me ye have ae gary = 
practical experience and produce castings o 
th | quality at lowest Ley ner prices and run 
sales meg man 
preferred - = wold invest some capital.—Address, 
, Offices of ENGINEERING. 











roduction. Engineer on 


Switch and Control Gear REQUIRED by 

large manufacturing firm. Ap its will require 
to have had wide and varied experience in planning 
A production work, and — strong personality. 
State age, salary and details of experience and 
apo tmente previously held.—Address, W 744, 
es of J ccte coammneten 


— 


A ssistant Engineers 
REQUIRED by the Government of 
Nigeria aye tes Public Works D: ment 
for two tours ot 12 to 18 months with possible exten- 
sion. ry £480 = annum rising by annual 
increments of £30 to + of dao to Beas annum, and thence 
by annual increments of 2920 per annum, 
Outfit allowance on first sugeintmests 
Cay Bee yp a Je quarters 
— leave in Bnugland on full salary after reall 
tour. Oandidates age between 25-35, preferably 
unmarried, must Anite hada genera! education 
and (a) be A.M.I.C.B., or hold equivalent pro- 
tessional qualifications, or (4) have the full 
examination of the Institute of | and 
nty Engineers. They must have had proper 
technical training and have had not less than three 


uent experience on a ar 
yetunicipal Works, mee ee ea 
in Water PWorks Construction and bn — 
Appl at once in writing, stating and detailed 
Rectene ond wh ter, marrt -s ay 
HE CROWN AGENTS FOR THE CO T= 
4, Millbank, London, 8.W., quoting M/11605, W 


BB Oc ser Required for 





following aeetetonh and Mechanical 
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THE PARIS WATER SUPPLY. 


One of the installations seen by members of the 
Institution of Mechanical Engineers on the occasion 
of their recent visit to Paris, was the Paris water- 
works plant at St. Maur. In this connection, a 
general outline of the water distribution in Paris 
and a description of the plant in question will be 
found of interest. 

In the first place, in dealing with the history of 
the subject, we may state that during the Gallo- 
Roman period, an aqueduct—the Arcueil aqueduct 
—delivered at the Palais des Thermes, now the 
Hotel de Cluny (ruins of which can still be seen 
close to the Sorbonne) water from the hilly district 
of Rungis, Hay, Cachan and Arcueil. Three 
aqueducts, one above the other, which cross the 
Biévre valley, are still visible, namely, the ruins of 
the Roman aqueduct, the remains of the Marie de 
Medicis aqueduct which carried water from Arcueil 
to the Palais du Luxemburg, and close by, the 
modern aqueduct which supplies Paris with water 
from the Vanne. Supplies from Belleville and 
the Pré St. Gervais were developed between the 








event which created a great outcry at the time. 
Napoleon I. decreed the construction of the Oureq 
Canal and the distribution in Paris of the water 
from this canal, and entrusted the work to 
Girard, chief engineer of bridges and roads, who 
had taken part in the Egypt expedition. On August 
15, 1809, the Ourcq water was supplied to the 
Fontaine des Innocents, permitting the removal 
of the Samaritaine plant in 1813. In the meantime 
a decree of 6 Prairial year XI. placed the former 
“Eaux du Roi” and “ Eaux de la Ville”’ under 
one common management, administered at the 
expense of the town of Paris by the Prefect of the 
Seine Department. The Grenelle artesian well 
was sunk in the years 1833 to 1841. In 1854,a 
new programme was put forward, due to the Pre- 
fect of the Seine Haussmann ; it was carried out 
most effectively by the General Inspector of Bridges 
and Roads Belgrand, who was in charge of the 
water service from 1856 to 1878. The well-known 
hydraulic engineer Dupuit undertook, from 1854 
to 1856, the designing of the new distribution 
system. The transformation of Paris under the 
Second Empire carried with it a complete modifica- 
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sixth to the eleventh centuries for the public 
fountains connected with certain properties, 
including that of St. Martin, now the site of the 
Conservatoire des Arts et Métiers, with which we 
dealt in a recent issue. Philip Augustus built 
the Paris Halles, or Central Markets, and laid 
conduits for delivering water from the same sources 
to the Innocents and Halles fountains which are 
the oldest of the existing fountains of the French 
metropolis. 

Between 1606 to 1608, Henry IV ordered the 
Samaritaine pumping plant to be built, on the 
down-stream side of the second arch of the 
Pont-Neuf, to supply water to the Louvre and 
Tuileries. This hydraulic plant was only taken 
down in 1813. The same king and Marie de 
Medicis re-established the Arcueil aqueduct, which 
was opened on May 18, 1624, and supplied 
water from Rungis, as above stated, to the Lux- 
emburg Palace and to the district on the left 
bank of the Seine. The four lions standing at the 
entrance of the Institut de France are ancient 
fountains which delivered Arcueil water down to 
the year 1863. Pumps were erected in 1670 at 
the Pont Notre-Dame on a site formerly occupied 
by flour mills; the pumps were removed in 1858. 
The Chaillot (Place de |’Alma) fire pump was 
put down in 1781 and removed in 1899; that 
of Gros Caillou (former tobacco factory, Quai 
d’Orsay) was put down in the same year and re- 
moved in 1909. Both were by the brothers 
Perier, who, in 1777, formed a company for the 
building of “ pumps and fire engines for lifting 
the Seine water.” The company fell on evil days 
in 1789, following a lawsuit, when Beaumarchais 
acted for the company and Mirabeau against, an 





tion of the water works organisa- 
tion; a new system was adopted 
which separated the public ser- 
vice from the distribution to 
private dwellings. 

At the present time, the Paris 
water supply is on two distinct 
systems, completely independent one of the 
other. The first, which is styled the “Service 
Privé,” supplies potable water of two different 
kinds, or rather, we should say, of two different 
origins. The water proceeds from different 
springs at a distance, which are drawn upon 
with the greatest care, and is led in completely 
closed-in conduits to covered reservoirs, whence it 
is distributed by piping to the water taps in the 
dwellings of the consumers; or, alternatively, of 
filtered river water taken from the Seine and the 
Marne, above Paris, which, after passing through 
filter beds and a sterilising installation, is pumped 
up to the distributing reservoirs. The second 
system, the “Service Public,” supplies raw 
water taken from the Ourcq, Seine and Marne, 


which is pumped into separate reservoirs, whence | 


it is distributed by separate mains. This latter 
water is that used for washing down the Paris 
streets, for washing down yards and watering 
public gardens, for flushing sewers, for display 
purposes, and to meet the needs of works and 
industrial establishments, railway stations, laun- 
dries, &c. 

The water from springs is taken either at the 
natural outflow, or by means of shafts or under- 
ground galleries where provision is made for 
inspection. There are four aqueducts for con- 
ducting the water to Paris, built partly in trenches 
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and partly underground, and crossing the valleys 
either »y means of cast-iron pipe siphons or on 
bridges. The Dhuis supply was completed in 
1865. The daily supply from this source varies 
between 15,000 and 24,000 cub. m. (about 4,400,000 
gallons). The spring from which the system 
delivers the water, by gravity only, is in a cal- 
careous formation of the Tertiary system. It is 
located near Pargny and Condé-en-Brie, in the 
Aisne Department, and ran formerly in the Dhuis, 
a tributary of another small river, itself a tributary 
of the Marne. The aqueduct, which starts from 
the spring basin and ends in Paris at the Ménil- 
montant reservoir, has a total developed length of 
131 km. (80 miles), and a down gradient of 0-10 m. 
per km. (1 in 10,000). It is ovoid in section, 
1-76 m. (5 ft. 9 in.) high, and 1+40 m. (4 ft. 7 in.) 
wide. The siphons consist of a line of cast-iron 
pipes, 1 m. (3 ft, 3 in.) in diameter. The Dhusi 
aqueduct being mainly underground, there are but 
few surface constructions ; the most important of 
these are the bridge-aqueducts over the Grand 
Morin and the Marne. This system was twice 





damaged by the Germans during the war, but the 
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catchment over a wide area was subsequently 
made quite healthy again and the damage repaired 
at the Armistice. 

The Vanne supply was put in hand in 1867. 
The work was stopped by the war of 1870-71 ; 
it was resumed in 1872, and completed two years 
later. The supply from this source amounts to 
from 100,000 to 120,000 cub. metres (about 
24,000,000 gallons) per day. The springs in the 
Vanne Valley, above Sens, proceed from a chalk 
formation, and are in two groups, the high springs, 
the water from which has an outflow at elevations 
of from 207 to 136 m. (680 to 445 ft.) reach Paris 








by gravity, and the lower springs, at levels of 93 to 
88 m. (305 to 285 ft.) necessitating pumping up 
into the aqueduct. The pumps for this purpose 
are operated either by hydraulic turbines, driven 
by the Vanne river, or by steam engines. Another 
pumping plant, consisting of water turbines and 
steam engines, further down-stream, also delivers 
into the aqueduct the water of another source which 
was tapped in 1885 in a neighbouring valley. The 
aqueduct is 173 km. (107 miles) in length, and is 
on a gradient of 0-10 to 0-13 per km. (about 1 in 
10,000). It is circular in section, 2-10 m. (6 ft. 
11 in.) diameter, with siphons consisting of two 
conduits of 1-10 m. (3 ft. 7 in.) diameter. It ends 
in Paris at the Montsouris reservoir, having two 





floors, one above the other, the overflow being 
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at an elevation of 80 m. (262 ft.). The most im- 
portant civil engineering works are the large 
siphons of the Yonne, the Loing and the Essonne, 
the arches in Fontainebleau forest, and the bridge 
aqueduct of the Biévre, the arches of which are 
above the old Arcueil aqueduct. 

The Avre supply, opened in 1893, delivers to 
Paris by gravity alone, the water from the sources 
of the Vigne, which take their rise in the Rueil- 
la-Gadeliére district in the Eure-et-Loir Depart- 
ment, together with the water from other sourees 
in the neighbourhood. These various sources 
proceed from a chalk formation. Their supply 
varies between 60,000 and 108,000 cub. m. 
(18,500,000 gallons) per day. The aqueduct has 
a length of 102 km. (63 miles), on a gradient 
varying from 0-30 to 0-40 per km. (about 1 in 
3,000). Itis circular in section, 1-70 m. (5 ft. 7 in.) 
in diameter. The siphons consist of two conduits 
1 m. (3 ft. 3 in.) in diameter. The principal civil 
engineering works in connection with this are a 
number of siphons and the St. Cloud reservoir, the 
capacity of which is 300,000 cub. m. (66,000,000 
gallons), in which the aqueduct ends at a level 
of 108 m. (354 ft.). 

The Loing and the Lunain supply, completed 
in 1900, delivers in Paris water which proceeds from 
the valleys of these two rivers, drawn off in the 
vicinity of Nemours and Montigny-et-Marne Seine, 
Department. The water comes from chalk forma- 
tion. The work at the catchment area has 
been most carefully carried out and every pre- 
caution taken to prevent any contamination. The 
supply, which at first was 50,000 cub. m. (11,000,000 
gallons) per day, has been gradually increased by 
drawing from other springs, and is now approxi- 
mately 100,000 cub. m. (22,000,000 gallons). The 
water is coliected in the two valleys by aqueducts 
which end at the Sorques pumping installation, 
equipped with steam, producer-gas and electric- 
ally-driven pump sets for delivering it at a 
level of 40 m. (130 ft.) into a main aqueduct. 
This latter starts in Fontainebleau forest, and over 
its whole length of 73 km. (over 45 miles), except 
in the vicinity of Arcueil, it adjoins the Vanne 
aqueduct, and, like it, ends at the Montsouris. 
reservoir. It is circular in section, 2-50 m. (8 ft. 
3 in.) in diameter ; the siphons consist of cast-iron 
pipes 1-25 and 1-50 m. (4 ft. 1 in. and 4 ft. 11 in.) 
in diameter, having flexible joints, the most 
important being those of the Essonne and the 
Orge. The Biévre siphon is built up of steel 
plates, and is 1-80 m. (5 ft. 11 in.) in diameter. 
The aqueduct bridge of Arcueil forms part of 
this system. 

The four sources of water supply thus briefly 
described deliver, therefore, a total of from 
260,000 to 350,000 cub. m. (about 70,000,000 
gallons) per day, according to the seasons. 


Intake aT St. Macr Water Works. 
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The Paris Water Board have in hand a scheme 
for drawing upon the sources of the Voulzie 
and Durteint above Provins, in the Seine-et- 
Marne Department; the aqueduct would have 
a length of 50 km. (about 30 miles), it would 
join that of the Loing and Lunain, to which 
it would bring an addition of from 80,000 
to 100,000 cub. m. (20,000,000 gallons) per day. 
Another scheme is being considered, which would 
consist in the delivery to Paris of 500,000 cub. m. 
(110,000,000 gallons) and later of double that 
volume per day, collected from the sand forma- 
tions in the Loire valleys between the towns of 
Gien and Nevers. It is proposed to draw upon 
the water resources of that locality by means of 
shafts and to put down electrically-driven pump 
sets for delivering into two aqueducts 175 km. 
(108 miles) in length. In order to restore to the 
Loire an equal volume of compensation water, 
several large lakes would be formed for storage 
purposes in periods of high flood of that river ; 
these lakes would regulate the river flow and the 
discharge from them would be utilised to generate 
electric current. We may here refer in passing 
to another scheme (put forward by Mr. Georges 
Lemarchand, of the Paris Municipality), the 
object of which would be to regulate the water 
supply of Paris and neighbouring towns and 
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districts, to regulate navigation on the rivers, and 
to prevent inundations, by a number of lakes 
formed above Paris, in the valleys of the Seine, 
Aube, Marne, Yonne and their tributaries. 

When the discharge from the present sources is 
insufficient, or when the water from some of them is 
not clear owing to storms, or again in the event of 
an epidemic breaking out in a catchment area, or 
in case of damage to an aqueduct, the potable 
water supply is made up by filtered river water. 
The filtered water proceeds from two installations, 
one on the river Marne, at St. Maur, described 
further on, and one on the river Seine, at Ivry, 
built in 1899 and extended in 1906. After filtration, 
the water is sterilised by ozone or by hypochlorite 
of lime, and is then pumped into the potable water 
supply system. 

The raw water supply is assured by a number of 
pumping plants which draw from the Seine and 
the Marne, having a capacity of about 800.000 cub. m. 
(175,000,000 gallons) per day, and delivering into 
special reservoirs for distribution. A scheme the 
carrying out of which was stopped by the war, 
will increase the above volume of water by 125,000 
cub. m. (27,000,000 gallons) per day, by the instal- 
lation of further steam-driven pumps at the Auteuil 
works. 

The plan Fig. 1, page 573, shows the reservoirs, 
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Fig. 7. DETAUS OF DELIVERY REGULATING SYPHON. 


SECTION C.0.E.F.(Figil) 
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a. Delivery regulating syphon. 

b. Float. 

c. Double on filtered water inlet. 

d. Counterweight balancing the syphon. 
e. Overfall of syphon. 

f. Channel supplying the filter beds. 

g. Baffle. 


OF enh 


S UEEEEEEEEIROESEEneaee ee 4 


aS) Ln de 
“8 
424) ||| EA 


Rough Filters 
1,00 -——~s+---- 15,00 
S 


wee 




















h. Supply conduit in case of frost. 

i. Filtered water outlet, 

k. Pipes connecting the tanks. 

1, Filtered water tanks. 
m. Outlet of non-potable water. 

n. Outlet of potable water. 

o. Pipe for emptying and filling the beds. 
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pumping plant, filtering plant and main water 
pipe systems in Paris and in the vicinity. 

The St. Maur Waterworks, with which we now 
propose more particularly to deal, are located at 
the neck of land at St. Maur at a loop of the river 
Marne. They supply a portion of Paris both with 
raw and with filtered and sterilised Marne water. 
In 1921 they delivered on an average 70,000 cub. m. 
(15,000,000 gallons) of raw water per day to the 

Service Public.” The filtered water is delivered 
for domestic use to the “Service Privé” mixed 
with water proceeding from the springs already 
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referred to; in some instances, owing to its 
greater head, it is also resorted to for use in case 
of fires. In 1921, the same establishment dealt 
with an average of 100,000 cub. m. (22.000,000 
gallons) of filtered and sterilised water per day. 
The St. Maur installation, one of the most impor- 
tant of the Paris water service, contains in con- 
junction with the filter beds, two water-driven 
and two steam-driven pumping sets, one set driven 
by a producer gas engine and one electrically- 
driven. This latter is in course of completion, 
and, taking up one-fifth of the space, will have 
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a greater capacity than all the others together. 
The installation is completed by a series of filter 
beds, a plant for sterilising the filtered water 
by ozone and a chemical sterilising plant. The 
filtering installation is shown in Fig. 2, the refer- 
ences to which are as follow: (a) Hydraulic 
plant. (6) Small turbines. (c) Steam plant. (d) 
Filter bed pumps. (e) Producer gas plant. (f) Gas 
producers. (g) Gasholder. (h) Sterilising plant. (j) 
Clarified water reservoir. (k) Potable water reser- 
voir. (l) Offices. (m) Workshop. (n) Porter and 
stores. (0) Lodging house. (p) Coal depot. The 
intake at the St. Maur works is shown in Fig. 3. 

The hydraulic installation dates from 1864. 
It is operated by the waterfall which formerly 
worked the St. Maur flour mills; these were 
purchased by the Paris municipality in 1863. 
One of the water-driven pumping sets consists 
of three vertical water turbines of 120 h.p. each, 
driving Girard plunger pumps (Fig. 4) each capable 
of lifting per 24 hours 6,000 cub. m. (1,320,000 
gallons) of raw water, to the lower compartment 
of the Ménilmontant reservoir—against a head 
of 75 m. (246 ft.). Besides these, there are two 
horizontal Fourneyron turbines, each of 100 h.p. 
also driving Girard plunger pumps. One of these 
has a 24-hour capacity of 12,000 cub. m. (2,640,000 
gallons) to a total delivery height of from 30 m. 
to 35 m. (98 to 114 ft.), and supplies the Gravelle 
lake which acts as a regulator for all the lakes in 
the Bois de Vincennes. The other, of a 24-hour 
capacity of 5,500 cub. m. (1,210,000 gallons) against 
a head of 75 or 76 m. (under 250 ft.), delivers raw 
water to the Ménilmontant reservoir. The second 
water-driven pump set consists of two Fourneyron 
turbines similar to the preceding, these contri- 
buting to the supply of the lower compartments 
of the Ménilmontant reservoir, the height of 
delivery being also 76 m. (under 250 ft.). 

The first steam-driven pump set was put down 
in 1872; this plant was enlarged from 1877 
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to 1899. The equipment consists of four Farcot 
engines. These are single-cylinder engines of 300 
i.h.p. each driving a Girard double plunger pump 
having a capacity of about 23,000 cub. m. (over 
5,000,000 gallons) per 24 hours. They deliver 
either raw water to the lower compartments of the 
Ménilmontant reservoir, ,or filtered and sterilised 
water to the upper compartments of the same 
reservoir, a total lift of 83 m. (272 ft.). The second 
steam-driven installation is comparatively small. 
It consists of two smaller sets, each having a single- 
cylinder, Farcot 80 h.p. engine, driving by a belt 
a centrifugal pump for lifting raw water from the 
main to a height of 2-50 m. (8 ft. 3in.) to the water 
channels which supply the filter beds. The engines 
are supplied with steam from 12 boilers of various 
types. 

The producer gas-driven plant was put down in 
1911 to 1912. It consists of seven four-cylinder 
engines of 450 h.p. each, which drive by belt 
Rateau multi-stage pumps (Fig. 5); and of three 
one-cylinder 80 h.p. engines, direct coupled to Rateau 
centrifugal pumps. Four of the larger sets supply 
at the rate of 25,000 cub. m. (5,500,000 gallons) per 
set and per 24 hours the lower compartments of 
the Ménilmontant reservoir. The other three, of 
the same capacity per set, lift to a height of 
60 m. (196 ft.) filtered and sterilised water to the 
Charonne installation which, in its turn, raises it to 
the upper compartments of the same reservoir. The 
three smaller sets supply raw water to the filter 
beds; their lift is 2-50 m. The producer gas is 
derived from ten Fichet et Heurtey suction gas 
producers, having revolving hearths; they generate 
their own steam and are each capable of supplying 
gas corresponding to a power of 300h.p. They 
burn coke supplied by the Paris Gas Company. 

The electric plant which is in course of comple- 
tion will contain five pump sets of 80 h.p. each to 
supply the filter beds and six large lifting pump 
sets of 450h.p. each. The motors are to be driven 
by three-phase current at 220 volts, 50 periods, 
transformed down from a pressure of from 6,000 
to 6,500 volts. The smaller sets, direct coupled 
to Rateau pumps, are to have each a capacity 
per 24 hours of 30,000 cub. m. (6,600,000 gallons) 
at a lift of 12 m. (39 ft.) and are to supply the 
filter beds. The larger sets, each direct coupled to 
a Rateau multi-stage pump, are to have each a 
24-hour capacity of 25,000 cub. m. (5,500,000 gallons) 
at a total lift of 85 m. (278 ft.). 

The first filtering installation for the Paris water 
supply was put down at St. Maur in 1896; it was 
enlarged and transformed in 1898 and 1912. It 
consists at present of 16 rough-filtering beds having 
a total rough filtering area of 6,000 sq. m. (64,585 
sq. ft.) and 12 filter beds having a total filtering 
area of 16,000 sq. m. (172,220 sq. ft.). The beds 
are shown in Figs. 6 to 12 on page 575. The 
raw water taken from the Marne by the pumps 
above referred to is delivered into a main channel 
whence it flows in a series of side channels first to 
the rough filters where it is freed of the major 
part of the solid matter it holds in suspension, and 
then to the filter beds where it is further clarified. 
The rough filters are built of sandstone masonry 
or of reinforced concrete, and are lined inside with a 
waterproof layer of cement. They are 2:50 m. 
(8 ft. 3 in.) in depth, 40 m. (131 ft.) in length, 
their width varying from 5 to 14-50 m. (16 ft. 
4 in. to 47 ft. 7in.). Ata height of 15 cm. (5; in.) 
above their bottom, and resting on it by the inter- 
mediary of concrete supports, is placed a kind of 
bed built up of square poreus slabs 0-50 m. (1 ft. 
8 in.) wide and 0-07 in (23 in.) thick on which is a 
layer of coarse sand 0-70 m. (27} in.) in thickness. 
The raw water passes through the layer of sand, 
then through the porous slabs, whence it is made to 
flow to the filter beds. The sand is washed on the 
spot at different periods, varying with the degree of 
suspended matter in the raw water, by means of 
water jets which are made to play upon it whilst a 
current of water delivered also under pressure is 
forced through the sand layer from underneath. The 
water used for this purpose is allowed to run off into 
the sewerage system. There are eight slow filter beds 
measuring 40 m. by 30 m. (131 ft. by 98 ft.) and 
four, the dimensions of which are 40 m. by 40 m. 
(131 ft. square). They are 2 m. (6 ft. 6 in.) in total 


depth. The filtering material consists also of porous 
slabs over which is a layer of sand 0-70 m. (27} in.) 
in thickness. The rough filtered water runs 
through the filter beds much more slowly than 
in the preceding rough filters, so that the water 
is thoroughly clarified. From the filter beds the 
water flows down into a collecting reservoir or 
tank underneath. The filter beds are cleaned every 
three or four months. Cleaning consists principally 
in the removal of the top part of the sand to 
a depth of a few centimetres; this removes a 
kind of membrane formed of the agglutination of 
organic and mineral matter contained in the water. 
A portion of the sand is used again after washing 
in special apparatus. 


(To be continued.) 





THE RISE OF THE ENGINEERING 
BRANCH OF THE ROYAL NAVY. 


By Engineer Captain Epear C. Surru, O.B.E., R.N. 


Wiru the admission, a short time ago, of a group 
of midshipmen, direct from their brief sea training 
in H.M.S. Thunderer into the Royal Naval Engineer- 
ing College, Keyham, the education of officers for 
the higher positions in the engineering branch of the 
Navy entered upon a new era, the college reverted 
to the duty for which it was originally erected, and 
engineering training is again placed on a sound 
footing. If there is any justification for making a 
young engineer go through the mill, learning by 
experience the use of tools and machines, the 
properties of materials and the mysteries of work- 
shop processes, then there is every reason for such 
work being done in workshops such as those of 
Devonport Dockyard. Here the midshipman not 
only can take part in the actual work of the day, 
but at the same time he has the inestimable advan- 
tage of rubbing shoulders with some of the best 
workmen to be found in the country. 

Some twenty years ago, when it was decided to 
turn every naval officer into “ a seaman, a gunner, a 
soldier, an engineer and a man of science,” it was 
thought that engineering could be treated as a kind 
of side issue, a subject that might be easily tacked 
on to other studies. Such a view has proved quite 
unjustified, and if Keyham College again succeeds 
in combining the engineer with the man of science, 
its task will be fulfilled. In fighting ships there 
are two main classes of officers; one is concerned 
with the theory and practice of seamanship and 
navigation, the art of gunnery and the study of 
tactics and strategy, the other class has for its 
domain the scientific principles and the practical 
application of mechanical and electrical engineering 
as applied to ships and their machinery. The 
functions of the one class seldom clash with the 
functions of the other, and the attempts to make 
captains fit to be chief engineers and chief engineers 
fit to be captains has met the fate it anticipated. The 
return to what was the system of training engineer 
officers twenty years ago will be welcomed by every 
engineer, and there is no reason to fear that the 
engineer officers of the future will in their day come 
short of those who passed through Keyham College 
in the ’eighties and ‘nineties, and upon whom fell 
the responsibility for the efficiency of the machinery 
of the fleet in the Great War. 


THe ENGINEER AS PETTY OFFICER. 

The history of the naval engineer begins a hundred 
years ago. Steam vessels were first used in the 
Navy in the ’twenties of last century, but though 
there is much known about the ships little can be 
gleaned relating to the engineers. At that time 
they could have been little else than mechanics, and 
it is evident that many bore but an indifferent 
character. Recruited from the workshops up and 
down the country and from such trades as those of 
millwright, blacksmith or tinsmith, they came and 
went as they pleased. No rank was assigned them, 
and though treated as petty officers, from the first 
they were looked down upon. In 1827 the car- 
penters of the fleet held a meeting at Portsmouth 
and a resolution that it was “ derogatory 
to the position of Warrant Officers who had been 
indentured in His Majesty’s Dockyards, to have 





charge of the engine men and their stores of oil, 





coal, &c.,” and this resolution the chairman was 
asked to lay before the Port Admiral. Two years 
before this, however, the authorities at Portsmouth 
had taken a step in the right direction and had 
entered six apprentices specially for the naval 
service. These boys were indentured to Simon 
Goodrich, the master mechanic in the dockyard. 
Among the six were Thomas Baker, who became 
the first chief engineer of Queen Victoria’s steam 
yacht; Thomas Brown, the first naval engineer 
to write a book on the steam engine; and James 
Steil, one of the first Inspectors of Machinery at 
Portsmouth. Special facilities were granted these 
apprentices, they had a separate shop and were 
treated as young officers. From the yard they 
subsequently passed into the engine rooms of such 
craft as the Comet and Lightning, and they were 
among the first engineer officers to attain com- 
missioned rank. Sometimes the engineers came 
from the works of the engine-maker, and among 
others, consulted regarding the recruiting of 
engineers was, Joshua Field, then a partner with 
Maudslay. In a letter dated December, 1830, to 
Admiral Sir Thomas Byam Martin, Comptroller 
of the Navy, Field pointed out the difficulties of 
the situation and suggested some remedies. He 
referred to the want of education in the engineer, the 
unsympathetic treatment they received in His 
Majesty’s ships and also to the unwillingness of men 
to serve in the Navy, and then went on to advocate 
the selection of only well-qualified men, an improve- 
ment in their status and the introduction of engine- 
room apprentices. Early writers on, marine engin- 
eering, such as Lieutenant Otway and Commander 
Spencer Robinson, all had something to say about 
the engineer and the need for improving his lot. 
THe GRANT OF WARRANT Rank. 

The earliest naval steamships were either despatch 
vessels or tugs. Steam war vessels were first built 
about 1830, and by the time Queen Victoria came 
to the throne steam frigates were in existence. 
The Admiralty were also responsible for the overseas 
steam packet service. In April, 1837, Captain 
Sir Edward Parry, known for his splendid achieve- 
ments as an arctic explorer, was made Comptroller 
of the Steam Machinery and Packet Department of 
the Navy, and a month or two after he took office 
the engineering branch was for the first time placed 
upon a permanent footing. By an Order in Council 
dated July 19, 1837, three grades of engineers were 
established ranking with, but after, the gunners, 
boatswains and carpenters, who were warrant officers. 
Engineers first class received 91. 12s. a month, 
engineers second class 6/. 16s., while third-class 
engineers received 41. 18s. Harbour pay was fixed 
at 61. 6s., 41. 4s. and 31. 3s. a month. In the tropics 
when steaming or engaged on repair work, pay and 
a-half was granted. The same Order also introduced 
four grades of boys for training, and 6d. a day 
instruction money was allowed the engineer who 
trained them. Only twelve months passed before 
another order raised the rates of pay of the engineers 
to 121., 81. and 51., this action being forced upon 
the authorities by many of the engineers leaving the 
service for more lucrative employment. To stimulate 
the engineer in the performance of his duty, in 1842 
a silver medal was instituted ‘‘ for ability and good 
conduct.” This was worn with a blue and white 
ribbon, and on one side of the medal was a repre- 
sentation of a paddle-wheel sloop. The medal was 
withdrawn in 1846, by which time seven had been 
awarded. The uniform at this time was the same 
as that of the other warrant officers, except that the 
engineer’s button bore a picture of a side lever engine. 
A large button of this description was worn on the 
collar, this apparently serving the same purpose as 
the propeller on the stoker’s sleeve to-day. In 
1843, to further the education of the engineers’ boys 
the old barque H.M.S. Sulphur was allocated as a 
school ship at Woolwich, the boys being instructed 
by some of the engineers with superior attainments. 
Among the engineers borne for this duty was Charles 
Roughton, who was known for the experiments he 
made on the flow of steam through nozzles. The 
boys trained in the Sulphur were often known in 
later years as “Sulphur engineers.” Punch once 
suggested the uniform of the engineer should be 
black and sulphur, but that was on account of the 
names of the steam vessels—Pluto, Phoenix, Volcano, 
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Vesuvius, &c.—and had nothing to do with the 
barque which was the home of the engineers’ boys 
for three years. 


THe ENGINEER AS COMMISSIONED OFFICER. 

The regulations of 1837 held good for ten years. 
Increases in pay it is true were given, but the 
conditions of service were little improved, and with 
the rapid devélopment of the steam navy during the 
‘forties the whole branch stood in need of a complete 
reorganisation. This was carried out in 1847. 
The engineers then secured something like adequate 
pay and were raised to commissioned rank. In a 
sense the Order in Council which led to these changes 
may be regarded as the Magna Charta of the naval 
engineers, and it may be worth while to quote the 
opening paragraph of it. Dated February 27, 1847, 
the order begins: “ We beg leave most humbly 
to represent to Your Majesty that we have had 
under our serious consideration, the situation of the 
Engineers of Your Majesty’s Navy with a view of 
providing and maintaining an effectual body of 
these officers, so essential to the support of Your 
Majesty’s Steam Navy; and having carefully com- 
pared their position and allowances with those of the 
Engineers in the East India Company’s and the 
Mercantile Marine generally, as well as of those in 
the service of Foreign Powers; we are under the 
necessity of humbly submitting that the prospects 
and emoluments of the Engineers of the Royal Navy 
afford so little encouragement, that it has become 
absolutely necessary to make a considerable addition 
to their pay, and at the same time to improve their 
condition and position with reference to the other 
ranks of Naval Officers, in order to procure a sufficient 
number of Engineer Officers, thoroughly competent 
to take charge of steam machinery.” Having thus 
introduced the subject the order then goes on to 
propose the division of engineer officers into the 
seven grades, Inspector of Machinery Afloat, Chief, 
Engineers (first, second and third class) and Assistant 
Engineers (first, second and third class). While they 
were to be considered “as at present to belong 
to the civil branch of the naval service,” the In- 
spectors of Machinery were to be appointed by 
Commission and were to rank with, but after, Masters 
of the Fleet, Chief Engineers werealso to beappointed 
by commission and to rank with, but after, the 
Masters, while Assistant Engineers were to be 
appointed by order and to rank with, but after, 
Second Masters. The masters were the old navi- 
gating branch of the service. The pay of the various 
grades was as follows :— 

Per Annum. 


Ss «24. 
Inspector of Machinery Afloat... 325 17 10 
Chief Engineer, First Class 260 14 3 
Chief Engineer, Second Class 208 11 5& 
Chief Engineer, Third Class 182 10 0 
Assistant Engineer, First Class... 156 8 6 
Assistant Engineer, Second Class 123 16 9 
Assistant Engineer, Third Class... 104 5 8 


It took some little time to appraise the claims of 
each officer before assigning him his new rank, and 
it was not till 1849 that the names of engineer 
officers appeared in the Navy List. Chief engineers 
are then found under the ships in which they were 
serving. The first seniority lists were given in 1853, 
there being then two inspectors of machinery 
and about 70 chief engineers. The two inspectors 
were John Dinnen and Thomas Baker. Dinnen, 
who was the son of Andrew Dinnen, for many years 
master founder at Portsmouth, had, like Baker, 
been apprenticed to Goodrich, but not for the naval 
service. At the age of 20, however, he became 
junior enginecr in the Lightning, and the following 
year was made chief engineer of her. Educated at 
Portsmouth Grammar School, Dinnen was a man of 
great ability. His reputation was high, and as the 
first inspector of machinery afloat he may be 
regarded as the father of naval engineers. Though 
the Navy list of 1853 gives the names of the chief 
engineers, no assistant engineers appear there till] 
1870, this omission leading to the publication in 
1867, by a Devonport printer, of “The Engineer 
Officers’ Navy List.” This useful little book, which 
was published quarterly till 1874, contains a fund of 
information regarding the officers then serving. 
Besides witnessing the attainment of commissioned 
rank by the naval engineer, the year 1847 saw the 
appointment of a civilian engineer, Thomas Lloyd, 





to the Admiralty as head of the Engineering Depart- 
ment, and it also marks the rise of the steam factories 
at Portsmouth, Devonport and Chatham, wherein 
many of the future engineers received their training. 


Tue IntTrRopvuction or Hicuer TRAINING. 


Space does not permit of more than the briefest 
review of the history of the engineering branch 
during the next ten or fifteen years. Great ex- 
tensions took place during the Russian War of 
1854-56, and many men with poor qualifications 
had to be entered to fill the new positions. It was 
during this war that the first persona] honours fell 
to engineer officers, but these came from France and 
Turkey and not from England. In 1856 the old 
side-lever engine button disappeared from the 
engineer’s uniform, and the same year marked the 
grouping of the chief engineers into one class instead 
of three. After the war great difficulty was ex- 
perienced in obtaining young officers, and in 1859 
Chief Engineer Murdoch was sent from Portsmouth 
to tour the shops at Newcastle, Leith and Glasgow. 
Murdoch was an old apprentice of Robert Napier. 
Tradition says he went in full dress uniform. 
Whether that be true or not, he induced 103 young 
engineers to join the service. He succeeded in his 
mission, but at the expense of the good opinion of 
his brother officers. His recruits were often known 
as ‘‘ Murdoch’s hundred” or the ‘‘ Murdochites.” 
The same year, 1859, saw the publication of a 
pamphlet entitled “ The Case of the Naval Engineer.” 
This marks the beginning of a campaign to secure 
better conditions that was carried on against bitter 
opposition for fifty years. Mention should also be 
made of the issue the same year of the report of the 
Committee on Dockyard Economy of 1858, which 
contains many sidelights on the early history of 
naval engineering. With the ’sixties the history of 
our modern ironclad navy may be said to begin. 
Ships were then first fitted with really powerful 
engines, and in the Black Prince and Warrior the 
horse-power—4,000—was considered so great that 
two chief engineers were appointed to each ship. 

The great developments taking place emphasised 
the need for a more scientific training for engineers, 
and 1864 saw the opening of the Royal School of 
Naval Architecture and Marine Engineering at 
South Kensington. The previous year the engineer 
boys under training in the Royal yards had been 
renamed engineer students. These now became 
eligible to compete for places in the new school, and 
the roll of students includes the names of Sennett, 
Durston, Mayston, Corner, Morcom, Seaton and 
Milton, besides many others who have made their 
mark in the world of naval architecture. As a high 
school of shipbuilding and engineering it has perhaps 
never been surpassed. Its students became even 
more famous than its professors, and its value to 
the Navy and to the nation cannot easily be 
estimated. The house occupied by the school stood 
on a corner site in Cromwell-road, now covered by 
the Victoria and Albert Museum. In 1873 the 
school was closed and its activities were transferred 
to the Royal Naval College at Greenwich where, 
unfortunately, the engineer students found them- 
selves surrounded by that air of inferiority which 
shrouded all engineering matters in the Navy. 
Among the things to be regretted was the dis- 
appearance of the excellent little professional 
** Annual”’ of the school, to which professors and 
students alike had contributed. 

The nine years covered by the career of the school 
at South Kensington was a period of great activity 
among naval engineers agitating for improved 
status. They also mark what was perhaps the 
period when the engineers met with the most intense 
opposition. This was reflected in the number of 
courts-martial. In the two years 1863 and 1864 
there were no fewer than 63 engineer officers tried, 
against 45 officers of all other ranks. In 1865 the 
engineers published a pamphlet of 42 pages, “ The 
Royal Naval Engineers,” in which is the interesting 
statement that “‘ out of 900 certificated engineers 
in the Mercantile Marine, only one application has 
been made for entry into the Royal Naval Reserve, 
and he was too old.” The following year a petition 
was sent direct to Parliament. March 16, 1866, 
saw the publication in Encrvererme of the first 
of scores of articles in which this journal has 
consistently endeavoured to promote the interests 





of engineers in the Navy. In 1867 the engineers 
expressed their gratitude for mercies received, but 
like Oliver Twist they still wanted more. A year 
later the branch was divided into a professional 
class and a mechanical class by the introduction 
of engine-room artificers. This was a salutory 
reform, but unfortunately no avenue for promotion 
from artificer to engineer was provided. Warrant 
rank was not obtainable by artificers till 1898, and 
commissioned rank not till 1904. 

In the absence of any adequate concessions the 
engineers, in 1872, sent a long statement of their 
case to the Lords of the Admiralty referring to 
relative rank, junior service, promotion, pay, messing, 
cabin accommodation and such things, At this 
time the assistant engineer ranked with a midship- 
man. Three years later the Admiralty appointed 
a committee “ to consider the best means of securing 
the highest mechanical skill and scientific knowledge 
in the management of the various engines.” and to 
report on how to secure a supply of engineer officers 
and engine-room artificers for H.M. Navy. Admiral 
Sir Astley Cooper Key was chairman, and no better 
officer could have been chosen. The inquiry made 
by the committee was thorough and its report was 
far-reaching. It was recommended that a stricter 
scrutiny should be made regarding the candidates 
for studentships, that an establishment should be 
opened at one of the dockyards for students to reside 
in, that engineer officers’ messes in ships should be 
abolished and that engineer officers should be 
included in the military branch. As time went on 
these suggestions were carried out, with the exception 
of the last. The engineers had to wander in the 
wilderness another forty years before they gained 
military status. 


H.M.S. “ MarLBorovuGH” AND “KeyHAM COLLEGE.” 


If the regulations of 1837 and 1847 and the in- 
auguration of the School at South Kensington in 
1864 be taken as some of the leading marks in the 
progress of the naval engineer, of no less importance 
was the year 1877, when the old wooden line of 
battleship H.M.S. Marlborough was allocated for the 
use of the students then in the dockyard at Ports- 
mouth. Hitherto students had lived at home 
or in lodgings and had kept dockyard hours. While 
learning the practical side of their profession in 
the factories they also attended the dockyard 
schools. One officer writes “we worked from 
6 a.m. to 6 p.m. two days a week ; 6 a.m. to 8 p.m. 
on two school days and one lecture night . . . 
we stopped at 3.40 p.m. on Saturdays, but had 
only half an hour stop at mid-day. We had four 
days holiday a year.” As regards the work in the 
factory this same officer remarks ‘‘ the shop foremen 
were our deadly enemies, and thé only practical 
training I got was from older students.” The first 
engineer officers appointed to the Marlborough for 
the supervision of the students were one chief 
engineer and two engineers. Six years later the 
chief engineer was superseded by a commander. 
Training was carried out in the workshops and 
schools of the dockyards as before, but hours were 
altered, students were no longer liable to be searched 
by the police when passing out of the yard, and other 
concessions made. Under the new routine the 
establishment soon became known for its success as 
a training school, and also for its activities in the 
world of athletics. Forty students entered the Marl- 
borough in 1877, and 60 more the following year. 
After the Marlborough came Keyham College, 
opened in 1880. Known officially as the “ Training 
School for Engineer Students,” but unofficially as 
the Royal Naval Engineering College, it was from 
the first presided over by a commander. In 1888 
the Marlborough was paid off and its students 
transferred to Keyham, the course of instruction 
being cut down from six years to five years. For 
the next twenty years Professor A. M. Worthington, 
F.R.S., an old student of Helmholtz, was at the 
head of the teaching staff. Though 35 to 40 students 
were entered each year this number proved in- 
sufficient for the requirements of the service, and 
commissions as assistant engineers were thrown open 
to public competition among men who had passed 
through such as Owen’s College and Mason’s College. 
Still more engineers being required, in 1894 assistant 
engineers were entered for temporary service after 
passing an examination in engineering eubjecte only. 
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Some 50 or 60 such officers were entered between 
1894 and 1902, most of them ultimately being 
transferred to the permanent list. 

While these changes in entry and education were 
taking place the engineering branch had been steadily 
increasing in numbers. In 1880 there were 795 
officers and 5,056 men, in 1890, 698 officers and 
10,377 men, while in 1900 there were 970 officers 
and 24,805 men. In the next ten years these 
numbers rose to 1,461 officers, 37,221 men. Altera- 
tions in titles had also been made. Assistant 
engineers were now all in one class, a new rank, 
that of “ Engineer,” had been created ir 1861, 
while in 1886 chief engineers of four years’ 
seniority became staff engineers, and those of eight 
years’ seniority fleet engineers. At the Admiralty 
and in the dockyards many appointments hitherto 
held by civilians were now filled by naval engineers. 
In 1887 Inspector of Machinery Richard Sennett 
succeeded James Wright in the post of engineer-in- 
chief. When two years later he resigned in order 
to join the firm of Maudslay, Sons and Field, 
Inspector of Machinery John Durston (afterwards 
Engineer Rear-Admiral Sir John Durston) was 
chosen to succeed him. Admiral Durston was the 
first naval engineer officer to be knighted. In the 
list of honours engineer officers figured but little. 
The C.B. was awarded to Bardin in 1868, to Baker 
in 1869, to Roffey in 1882, to Hefferman in 1891, 
to Castle in 1892 and to Wootton and Wood in 
1897, each of these officers at the time holding the 
rank of inspector of machinery. Admiral Durston 
had received the C.B. in 1895 and was raised to the 
knighthood in 1897. 


THe ENGINEER IN THE TWENTIETH CENTURY. 


Taking into consideration their greatly increased 
responsibilities and their importance, the engineers 
found their relative position at the end of the nine- 
teenth century, was little better, if any, than when 
the Cooper-Key Committee sat. From chief in- 
spector of machinery down to probationary assistant 
engineer each felt the disabilities peculiar to his own 
rank, and discontent was general. Leading as this 
did to a very serious falling-off in the number of 
suitable candidates either for Keyham College or 
for direct entry the situation became one of national 
importance, and on this ground some of the technical 
institutions in touch with naval affairs brought the 
limelight of public opinion to bear upon it. Fore- 
most among these was the North-East Coast 
Institution of Engineers and Shipbuilders, before 
whom Mr. D. B. Morison, early in 1900, read a 
paper entitled “The British Naval Engineer : 
His Present Position and Influence on our Sea 
Power.” A year later a deputation of distinguished 
engineers waited upon the First Lord, Earl Selborne, 
but it met with little sympathy, and it was evident 
from the reports that those in power were averse to 
any concessions. The opposition undoubtedly came 
from the conservative section of executive officers. 
What their views were can be judged from the 
discussion which took place at the Royal United 
Service Institution in 1900 on a paper on “ The 
Training of Seamen.” Admiral Hoskins, some ten 
years before, had compared the work of the engineer 
to that of a “ lascar with a bottle of oil!” in the 
discussion referred to Admiral Hopkins illustrated 
his views by a reference to the Khedive’s engine 
driver. 

It was while such opinions held sway that Lord 
Fisher became responsible for questions of naval 
personnel. Never lacking in courage or initiation 
he at once tackled the problem of the engineer 
in a characteristic manner, and Christmas, 1902, 
saw the publication of the well-known Selborne- 
Fisher scheme of training. In this not only were 
arrangements made for the reform of naval training 
from top to bottom, but at the same time promises 
were made to the old engineer officers which for a 
time at least kept them quiet, while the engineer 
of the future, like all other officers, was to start 
life with an admiral’s flag in his kitbag. Common 
entry, was to lead to common training, followed by 
interchangeability of duties. New titles, such as 
engineer-lieutenant, engineer-commander, and the 
like, came into use, Osborne College was opened 
in 1903, Dartmouth College took the place of 
the old Britannia, and in 1906 the last engineer 
cadets entered Keyham College. Whatever ex- 





pectations the engineer officers had, failed to 
materialise, and in 1909 they issued a statement of 
disabilities which may be regarded as the last of 
the broadsides which punctuate the story of their 
fight for a place in the sun. Among the things then 
asked for were inclusion in the military branch, a 
grant of disciplinary powers in their own depart- 
ment, ranks and titles consistent with their position 
as combatant officers, representation on courts- 
martial and other things, some of which have since 
been conceded. It was not, however, till another 
six years had passed and the Navy had for five 
months been engaged in actual warfare that the 
engineers were for the first time recognised as 
combatant officers, and included in the military 
branch of the service. For this reform, carried out 
in January, 1915, they had to thank Lord Fisher, 
whose action in the matter was appropriately 
acknowledged by his election as an honorary member 
of the North-East Coast Institution of Engineers 
and Shipbuilders. The story of the engineering 
branch and its fine achievements during the Great 
War lies beyond the scope of this article. Suffice 
it to say that carefully organised and ably directed 
first by Engineer Vice-Admiral Sir Henry Oram 
and subsequently by Engineer Vice-Admiral Sir 
George E. Goodwin, it successfully met every call 
made upon it, and its record is one of which the 
engineer officers themselves, the engineering world, 
and the nation may well be proud. 


CARDBOARD BOX-MAKING 
MACHINERY. 





(Continued from page 543.) 


Corner -Cutting and Slotting Machines. — The 
next process in box manufacture after the cutting 
of the blanks, and grooving or otherwise treat- 
bending, 


ing them for is the cutting out of 


Fig.4. 


both corner cutting and slotting is illustrated in 
Figs. 49 to 51. These figures require no detailed 
comment as the operations they involve follow on 
directly from the simpler construction of the earlier 
figures. It should be noted, however, that the 
corner cutting and slotting of Fig. 49 are carried 
out as a single operation and on a machine which 
may be set either for slotting only as in Fig. 43, 
for corner cutting only as in Fig. 46, or for the 
combined operation. 

A corner-cutting and slotting machine of Messrs. 
Vickers’ manufacture is illustrated in Figs. 52 
and 53, on page 579. This machine is of the 
double type and will deal with two corners of a 
blank at one operation, so that for any of the 
examples illustrated in Figs. 43, 46 and 49, two 
operations only are required to complete the 
slotting or corner cutting. Machines of the single 
type are also manufactured by Messrs. Vickers, 
which are designed for dealing at a time with 
one corner only of a blank. Such machines are 
naturally somewhat simpler than the double 
machine, but it will not be necessary to describe 
them since all the features they involve are employed 
in the double machine we are now dealing with. 
This machine will make slots as in Fig. 43 up to a 
maximum length of 3 in., and in any position from 
2} in. to 24 in. between the slots, as shown in 








Fig. 54. It will also cut corners up to a maximum 
jot 6 in. both ways and in any position from 2} in. 
|to 24 in. between the inner sides of the cut-out 
corners as shown in Fig. 55. The combination of 
slotting and corner cutting may be varied within 
the dimensions indicated in Fig. 56. The thumb- 
hole indicated in that figure we have not yet 
referred to. This half-round hole will be familiar 
in connection with cardboard boxes. Itis frequently 
provided, in cases in which the lid completely covers 
the sides of a box, in order that the box may be 
held while the lid is removed. The dimensions 
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the corners, slotting, or other similar operations 
which may be necessary so that the blank may 
be folded to build up into a box. The actual 
nature of this operation naturally depends on the 
type of box which is being made and whether 
the corners are butted or flap switched. In many 
boxes a combination of these two methods is 
used. The matter will clearly be understood from 
the diagrams given in Figs. 43 to 51, annexed. 
Figs. 43 to 45 show stages in the manufacture of 
a box lid of simple type in which the blank is 
slotted in four places. It is then folded as shown 
in Fig. 44 and stitched through the flap as in 
Fig. 45. In this case the operation with which we 
are now concerned is the making of the four slots. 
A simple box with butted corners is illustrated in 
Figs. 46 to 48, and, as will be clear in this case, the 
four corners of the box have to be cut out, as in 
Fig. 46, in place of the slotting necessary in the 
example illustrated in Fig. 43. A box involving 











indicated in Figs. 54 to 56 may all be obtained on 
the standard machine, and by fitting special heads 
variations may be obtained, as for instance, slots 
up to a maximum of 9 in. long. 

The corner-cutting and slotting machine is, of 
course, a type of press. It consists of two cast-iron 
end frames connected by a cast-iron bed. A 
driving shaft with a single pulley is carried at the 
back of the machine and is connected to a secondary 
shaft through a single-reduction gear. This 


| secondary shaft carries a pair of eccentrics, which 


drive an oscillating beam of channel section which 
can be seen in Figs. 52 and 53. The arrangement 
will be more clearly followed, however, from the 
diagrammatic sketch of the main mechanism of 
the machine which is given in Fig. 57, on page 579. 
The secondary shaft running across the back of the 
machine and carrying the eccentrics is shown at a. 
These are connected to the oscillating beam } as 





described and shown. The beam rocks about the 
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centre c, and to relieve the driving mechanism 
from the work of lifting the beam it is balanced 
by weights carried on arms projecting from the 
back of the machine. These weights can be seen 
in Figs. 52 and 53, and part of one of them is 
indicated at d in Fig. 57. 

The vertical motion of the ram which carries 
the upper blades by which the blank is cut is 
obtained from this oscillating beam by means of 
rocking leverse. As clearly shown in Fig. 57, each 
lever e is pivoted to the frame of the machine. 
At each end of the lever there is a bronze crosshead. 
One crosshead is situated in the oscillating channel 
beam } and the other works between guides on the 
ram f. As will be clear, this arrangement of cross- 





aes 





is sheared between them and the upper reciprocating 
blades carried by the ram f. Both sets of blades 
may be adjusted. The lower blades are held by 
securing screws, and independent adjusting screws 
are provided to allow of wear being taken up after 
the knives have been ground. The arrangement is 
shown in Fig. 58, subjoined. The adjustment of 
the upper slotting blade will clearly be understood 
from Fig. 57. By means of the slotted holes the 
blade may be set out any distance to suit the length 
of slot required. Means are also provided for 
taking up wear in the ram slides. Graduated 
scales are fitted to the heads to facilitate setting up. 
When corner cutting only without slotting, the gap 
between the lower blades, which is necessary to 

















the eccentrics is driven intermittently by means of 
a clutch fitted in the large spur wheel of the reducing 
gear. The clutch is operated by a pedal gear which 
can be seen in Figs. 52 and 53. The clutch arrange- 
ment is such that the machine always comes to rest 
at the top of its stroke to allow new work to be 
inserted. In this way the machine may be run 
one stroke at a time. If, however, the pedal is 
held in its lower position the machine runs con- 
tinuously, and a catch, which can be seen in the 
figures, is provided to hold the pedal down, when 
desired. The working speed of the machine is 
60 strokes a minute, and on an average six blanks 
may be cut at a time. This gives an average 
output of 9,000 blanks an hour. A single head 
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heads and guides allows of the necessary true 
vertical motion being imparted to the ram f. 
The purpose of the channel section of the horizontal 
beam 6 is to allow of the sideways movement of 
the heads carrying the plungers and the blades so 
that the machine may be set for different widths 
of blank, or different depths of cut. The machine 
has two heads as will be seen from Figs. 52 and 53. 
There is also a smaller thumb-hole punch head 
mounted between them, but with this we are not 
concerned for the moment. The main heads are 
each self-contained and can be adjusted laterally 
and clamped in any position on the table. They 
are traversed by a chain gear which is operated by 
a hand wheel which can be seen at the front of the 
machine, at the right-hand side in Figs. 52 and 53. 

The whole of the cutting knives are carried in 
the head unit, so that when the heads are adjusted 
to position along the table both the upper and lower 
sets of knives are automatically brought to the 
correct position to suit the blank which is being 
dealt with. Each head consists of a lower grid 
carrying the bottom knives, and connected to it a 
cast-iron bracket which provides a pivot for the 
lever e of Fig. 57 and carries the guides in which 
the ram f works. The lower knives are stationary 
during the operation of the machine ; the material 

















allow the slotting 
blade to pass when 
slotting is being 
carried out, may be 
filled up by bring- 
ing the blades in 
contact, so that 
corners are fully 
cut out with a neat 





























and sharp angle. 
The thumb-hole 
cutting attachment 
which is fitted be- 
tween the main heads is of a 


(7342.P) 


simple nature, 
and will be understood from Figs. 52 and 53, in 


both of which it can be seen. The attachment is 
self-contained in the same way as the main heads, 
and the ram is driven from the same main rocking 
beam at the back of the machine. The work- 
table is fitted with adjustable guides, which may be 
set to suit the size of blank being dealt with. A 
brass scale bedded flush with the inner edge of the 
table facilitates the setting of these guides. The 
same scale is employed when traversing the main 
heads into position with the chain gearing. The 
driving shaft of the machine runs continuously 





during operation, and the secondary shaft carrying 








machine would, of course, have only half this 
capacity. 
(7'o be continued.) 





3,000-I.H.P. SINGLE-SCREW MOTOR SHIP 
“ EKNAREN.” 

Tue motor-ship Eknaren, which we illustrate on 
Plate XX XVII, represents a type of vessel which, 
ever since the days of sailing ships drew to a close, 
has taken a predominant part in ocean commerce. 
With a single propeller driven by a slow-running 
engine, such vessels have proved themselves simple 








and economical freight carriers, lacking, of course, 
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THE MACHINERY OF THE MOTOR SHIP “EKNAREN.” 


CONSTRUCTED BY MESSRS. WILLIAM DOXFORD AND SONS, LIMITED, SUNDERLAND. 
Fig.i/ STARBOARD SIDE. LOOKING FROM CENTRE LINE OF SHIP. 


Fig.1Z. PORT SIDE,LOOKING FROM 
CENTRE LINE OF SHIP 
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the speed of the twin-screw passenger and mixed 
traffic liners, but efficient, reliable and cheap to 
run in the service for which they are designed. As 
the possibilities of the internal combustion engine 
for ship propulsion became realised Messrs. William 
Doxford and Sons, Limited, of Sunderland, turned 
their attention to the problem of adapting the 


internal combustion principle to the needs of the 
ocean freighter, the owners of which wanted to 
combine the advantages of the oil engine with the 
simplicity of the single-screw machinery to which 
they were accustomed. This involved the develop- 
ment of some thousands of horse-power on a single 
slow speed shaft, and incidentally of doing this 





without an inordinate number of cylinders. -- Messrs. 
Doxford, being both shipbuilders and engineers 
realised exactly the conditions they were required 
to meet, and set themselves to design an engine 
which should fulfil them. This engine is particu- 
larly interesting from the mechanical point of view, 
as the charge in each cylinder is fired between two 
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consumption she is maintaining a sea speed of 
10-6. knots. It may be mentioned that a steamer 
corresponding in size and speed to these two vessels 
would consume about 36 tons of coal per day, so 
that the saving in bunker capacity with @ corre- 
sponding increase in cargo space, by using internal- 
combustion engines, is very marked. In addition to 
this, of course, valuable space and labour are both 
saved by the elimination of boilers and firemen, to 
say nothing of the difference in the convenience of 
getting fuel on board: The Eknaren carries her 
fuel oil in six double-bottom tanks, holding alto- 
gether 1,132 tons of oil. Thirty-eight tons of 
distilled water are carried in a double-bottom tank, 
5 ft. 3 in. deep, immediately underneath the engine: 
Forward and aft of the engine the double-bottom 
tanks are reduced to 3 ft. 6 in. in depth in the 
manner shown in Fig. 1, on Plate XXXVIT. 
The deep forward water tank has a capacity of 
1,007 tons, and the corresponding after tank holds 
943 tons. The general design of the vessel is 
rendered quite clear by the illustrations on Plate 
XXXVII, and page 580. Her gross registered 
tonnage is 5,260, her upderdeck tonnage 4,713, her 
net tonnage 3,180, and her deadweight cargo 
capacity 9,300 tons, as already mentioned. Her 
block coefficient is 77 per cent. The single propeller 
is 17 ft. diameter, with a pitch of 16 ft. 6 in. and 
a developed surface of 94 sq. ft. 

The principal interest in the Eknaren lies, of course 
in her machinery. The Doxford opposed-piston 
engine which serves as her source of power will form 
the subject of a later description. Its arrange- 
ment in the engine room, with the 
machinery will be understood from Figs. 11 to 15, 
on pages 580 and 581. On the port side are three 
70-kw. oil-driven continuous current generators, 
which serve for lighting the ship and providing 
current for the various motors. The dynamos are 
by Messrs. W. H. Allen, Sons and Co., Limited, of 
Bedford, and the engines are of the two-cylinder 
Doxford opposed-piston type, similar in many 
respects to the main engine. The comparatively 
high speed of revolution of 320 r.p.m. which is 
adopted for the auxiliaries permits of a short piston 
stroke; and the height of these engines is therefore 
very moderate and refutes the suggestion that 
excessive height is a necessary feature of the opposed 
piston engine. Behind the auxiliary engines are 
motor-driven pumps of various kinds, one for the 
circulation of the cooling water, one for the bilges, 
and one for the general service of the vessel. A 
centrifugal pump for the ballast tanks and a rotary 
sea-water pump are also accommodated in this part 
of the engine room, the after end of which is fitted 
up as a workshop with a motor-driven lathe, drilling 
machine and grinder and a fitter’s bench. 

The auxiliary machinery on the starboard side 
is more concerned with the operation of the main 
engine itself, and is therefore naturally on the side 
of the engine from which the latter is controlled. 
At the forward end is an oil-fired Cochran boiler 
of 220 sq. ft. heating surface, which is used to warm 
up the cylinders of the main engine when starting 
from cold, and to heat the fuel oil. The heating 
system extends to four out of the six double-bottom 
tanks, two being unheated because when running, 
as the Eknaren is intended to do, between Europe 
and Australia, the use of heated oil during the 
tropical part of the journey is unnecessary. The 
Cochran boiler supplies steam at 100 lb. pressure, 
which is also available to drive an emergency steam 
driven air compressor to start the main engine in 
case of a total shut-down with no reserve air in the 
receiver. We understand that about 1} hours is 
usually spent in warming’ the main engine, but 
that it has been found possible to get it away from 
the cold state, without any preliminary warming: 

Behind the boiler is a 10-ton evaporator, and 
near-by are a pair of motor-driven forced lubrication 
pumps. About 4,000 gallons of lubricating. oil are 
carried, the daily consumption being about 15 
gallons, of whieh 8 gallons are used in the cylinders. 
Ample settling tanks and filtering arrangements are 
provided both for lubricating oil and fuel oil, as can 
be seen in Figs. 11 and 13, the settling tanks for the 
fuel oil holding 8 tons of oil'each. Compressed air 
for starting the engine is provided by a pair of 
Brotherhood compressors driven by 70-b.h.p. 
electric motors. The compressors are of the three- 





stage type running at 350 r.p.m., and each is rated 
to deliver 150 cub. ft. of free air per minute at @ 
pressure of 600 Ib. per square inch. This is a con- 
siderably higher pressure than is really necessary 
for starting, as the engine will get away with as 
little as 250 lb. per square inch. Thus there is an 
ample margin of pressure. In the engine room 
are two starting air-receivers, each with a capacity 
of 110 cub. ft., which, of course, are normally kept 
charged at full pressure. 

A. five-panel switchboard, mounted on a raised 
platform on the starboard side of the engine room 
serves to control the three generating sets and the 
various main electric circuits in the vessel. A small 
independently-driven dynamo provides for emer- 
gency lighting, should anything serious happen to 
the normal lighting arrangements. 


(T'o be continued.) 





NOTES ON NEW BOOKS: 


Tue keen interest which is now being taken by the 
non-technical public in wireless telephony has resulted 
in the appearance of a large number of elementary 
manuals for the guidance of the amateur. Amongst 
these books “‘ The Wireless Telephone, What it is and 
How it Works,” by Philip R. Coursey, B.Se. (London : 
The Wireless Press, Limited, 1922; price 2s. 6d. net), 
may be mentioned, as it explains in probably as clear 
a manner as possible what is believed to be happening 
both in the ether and in the apparatus: when wireless 
telephony is being transmitted. The book is simply 
written yet scientifically sound, and although it is 
very difficult for any engineer to bring his under- 
standing down to the level of that of the ordinary, or 
even ‘‘ educated ’’ layman, we believe that the book 
will be well within their comprehension. At any rate, 
it ought to be. It contains numerous illustrations, 
including perspective sketches of combinations of 
apparatus intended to be useful to the amateur, but 
we think it would have been rendered much more use- 
ful by a few more diagrams of connections, showing 
the various ways of arranging wireless receiving and 
amplifying circuits. The construction of his aerial 
is one of the most important problems for the amateur, 
and for sound and practical information concerning 
aerials ‘‘ Mast and Aerial Construction for Amateurs,” 
by F. J. Ainsley (London: The Wireless Press, 
Limited ; price 1s. 6d. net); can be cordially recom- 
mended. The book contains clear and full instruc- 
tions on the manufacture of self-supporting masts 
up to 36 ft. in height, with all dimensions and 
advice concerning the purchase of timber and erection. 
The ways to make foundations for a mast, to attach 
one to a chimney, and to the side of a house, are 
explained’ and illustrated, and indeed the book is one 
of the most useful to the amateur which we have come 
across. In clearness and conciseness it might serve 
as a model to many a more pretentious volume. 





Like many other things the constitution of coal 
may be said to be in the melting pot. A great deal of 
promising research is being done, partly from novel 


points of view. Yet the results so far hardly justify | & 


generalisation, and the engineer may safely leave 
the matter to the coal chemist for the present without 
troubling too much about the meaning of the confusing 
new terms introduced. In his “ Researches on the 
Constitution of Coal’’ (Thesis approved for the degree 
of D.Sc., London; a pamphlet of 62 pages published 
by the Colliery Guardian Company; price 2s. 6d.), 
Dr. S. Roy Illingworth, M.Sc., F.1.C., summarises the 
conclusions he has drawn from investigations extending 
over years from rather too general a standpoint, we are 
afraid. He takes his specimens from the coal face ; 
but he does not say how he samples his coal, and 
whether he attempts to separate the bands of fusain; 
durain, &e., distinguishable in bituminous coal. With 
others he believes the degree of polymerisation in the 
constituent coal molecules is the higher, the greater 
the carbon-hydrogen C/H ratio, i.e., the ratio of the 
per cents. by- weight of carbom and of hydrogen, and 
that the treatment. with various hot solvents, including 
phenol, aniline and pyridine, will “‘ depolymerise ” 
the coal; but there is no definite evidence of any 
depolymerisation. Even the more widely accepted 
terms a, 8, y compounds have merely conventional 
meanings; they indicate classes of compounds found 
under certain conditions, but not definite compounds. 
In anthracite and carbonaceous coal, it is said, we find 
practically only «@ cellulosic compounds. In bitu- 
minous coal (#.¢., coals that turn plastic when heated) 
most industrial coals being of this class, 8 and y com- 
pounds are found, the 8 particularly when the C/H 
ratio lies near 14; in lignites ulmins predominate. 
Most coals have two “‘ nodal” points marking tem- 





peratures at which maximum evolution of volatiles 
will take place. The lower nodal point lies between 
250 deg. and 300 deg. C. in lignites; it may indicate 
the decomposition of ulmins. The bituminous coals 
have their lower nodal point about 400 deg., and the 
point marks the decomposition of the 8 and y. The 
lower nodal point is absent in anthracite. The higher 
nodal point occurs near 700 deg. All these features 
influence the coking and the general properties of coal, 
and are worthy of study. But their variability and 
diversity should make us cautious as to generalisation. 
It is doubtless true that a classification of coal like 
that of Seydel, which Dr. Illingworth supports, has its 
utility, and that coal is a raw material which ought 
to be manufactured into fuel and other products in 
accordance with its particular type, species and genus, 
as Dr. Illingworth says. But it is too early yet to 
speak of our being able to obtain desired types of fuel 
and liquid at will by the manipulation of any coal. 
Dr. Illingworth claims that any nature of coke or of 
by-products can be achieved, whatever be, within limits, 
the nature of the original coal. 





Some engineers consider that we know enough 
about the strength of timber and the reliability of 
wood as a material for building purposes and for parts 
of machinery and apparatus, and that there is little 
need for further investigation. As an organic product 
wood cannot be a homogeneous material in the sense 
that industrial metals and alloys pass as homogeneous, 
and the ordinary formule such as are used in con- 
nection with the strengths of metals are not applic- 
able to a material, in which the direction of fibre, 
accidents of growth, age and diseases are predominant 
factors beyond our control. It may be questioned 
whether there was much call for systematic mechanical 
testing of wood, such as has been carried on for some 
years by R. Baumann at the Technical High School of 
Stuttgart. Builders of aircraft and-of motor vehicles, 
however, asked for more information than was available, 
and the results of the investigation are summarised in 
two volumes, a descriptive volume of 129 pages small 
quarto, and one of 13 photographic plates, published 
by the Verein Deutscher Ingenieure under the title 
“Die bisherigen Ergebuisseder Holzpriifiingen in der 
Materialpriifungsanstalt der Technischen Hochschule 
Stuttgart’’ (Berlin: Julius Springer; price of the two 
volumes 85 marks). The two volumes form No. 231 
of the ‘“‘ Forschungsarbeiten auf dem Gebiet des 
Ingenieurwesens”’; the price quoted is subject to 
additional charges. Some 40 European and foreign 
timbers have been submitted, in the shape of beams, 
planks, bars, cubes and thin sections to the ordinary 
mechanical tests; special tests were made in connec- 
tion with glueing, influences of shape, fibre direction, 
load: distribution, mode of fracture, moisture, frost, 
impregnation with oil, age, fungus growth, knots and 
resins, &c. Some of the strength values and some 
curves may not be of much service in view of the varia- 
bility of the materials. The values tabulated, however, 
are not described as “‘ constants’; they will be useful 
to the instrument and furniture maker in cases -which 
hardly concern the architect and engineer, and- they 
will be of value also to those interested in timber 
culture and botany and in the timber trade. Visual 
inspection of wood is very deceptive, and further 
uidance as to testing was desirable. The short title 
of the publication is “‘ Baumann, Holzuntersuchungen.” 


The principles and the general methods of the 
examination of materials by X-rays are fairly well 
understood by this time. That even scientists make 
little use of the X-rays is partly due to the high 
prices of the apparatus. For much routine work 
relatively simple tests will, however, answer, and the 
moral effect of their use on the personnel, who know 
that slipshod work may be detected long after all the 
external indications of the defect have been covered 
up, must not be disregarded. That is one of the points 
to which Dr. G. W. C. Kaye, M.A., draws attention in 
his’ “‘ Practical Applications of X-Rays” (London: 
Chapman and Hall, Limited, 11, Henrietta-street, 
W.C. 2; price 10s. 6d. net); We have referred on 
other occasions to’ the X-ray work of Dr. Kaye, who is 
head of the Radiology Department of the National 
Physical Laboratory and a member of the X-Ray and 
Radium Protection Comntittee. Progress has really 
been rapid in industrial X-ray work. The one branch 
in which progress appears to be slow, the study of 
deep-seated flaws in metals and of metal structure, 
and the effects of thermal and mechanical treatment, 
is occupying small groups of investigators in various 
countries, and has recently been taken up also at the 
National Physical Laboratory. It is, theoretically 
and practically, one of the most difficult branches of 
radiology, but also one of the most promising, and it 
is to be hoped that Dr. Kaye may have more to say 
about it in a future edition of his book. 
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INDUSTRIAL NOTES. 

As stated in our last issue a meeting was held last 
Friday, the 3rd inst., between the representatives of 
the shipbuilding unions and the employers, on the 
further reduction of 10s., to cancel the 26s. 6d. war 
bonus. At the close, Mr. Frank Smith stated on 
behalf of the unions that their representatives placed 
before the employers the situation the shipyard workers 
would be placed in should the reduction be enforced, 
‘leaving the skilled men in a much worse position 
than the semi- and lesser-skilled men in any other 
industry. The employers; in reply, stated that they 
had considered the matter from all standpoints, and 
had decided that they. could neither postpone: nor 
modify the propesed reduction, believing that it was 
in the best interests of the industry. 

The statement by Mr. Smith added that “ under the 
special circumstances, the men had been requested to re- 
main at-work.’’ A statement also made at the close of 
the meeting by the Shipbuilding Employers’ Federation 
was to the effect that the object of the employers was 
to obtain new orders. Already one or two new con- 
tracts had been secured on the new basis of cost 
rendered possible by the reductions, and everything 
would be done by the shipbuilders and ship repairers 
to secure further orders, with the object of reducing 
the heavy unemployment. now prevailing in the in- 
dustry. The 10s. bonus balance is being removed by 
instalments, the first cut of 2s. 6d. taking place during 
the current week. An Admiralty order issued at the 
commencement of the week announces that from 
November 19 the weekly rate of war increase in 
wages of all workmen employed in dockyards and 
Admiralty establishments at home is to be further 
reduced by 4s., from 21s. to 17s. 





A special conference of the South Wales Miners’ 
Federation was held at Cardiff last Friday, when it was 
decided: to withdraw the strike notices which had been 
issued on the subject of non-union labour in the mines. 
These had been totally ignored by over 75 per cent. of 
the men. 





Sir Walter Preston, M.P., is reported as having stated 
that after the armistice, in order to keep men at. work, 
locomotives were built at Woolwich Arsenal. There 
were in all 37 such locomotives, and they cost 17,000J. 
each. Owing to their high cost, no one would buy 
them. At the same time, Messrs. Armstrong, Whit- 
worth and Co., Limited, also com d to build 
locomotives. They had already turned out 600 at a 
cost of 4,0001. each ; they had orders for others-on hand 
and had been able to retain their workmen. The 
inference to be drawn from: a comparison of these 
figures is obvious. 








The issue of Current Opinion for the present month 
contains an article signed by a “ Manual Worker” 
stating this: “The —_> job is: to employ. 
At present he is not employing. Therefore he is not 
fulfilling his function. at, it seems to me, is the 
gravest indictment of the present system. That he is 
not fulfilling his function because he is met by circum- 
stances which he cannot control is not an adequate 
answer . If the employer intends to maintain 
his position, let him see to it that he employs B +6 
The obvious retort to this is to substitute the word 
““workmen’’ for “employer,” and “work” for 
” ar and to ask the writer of the letter what he 
would think of the argument as then stated. 





“The teaching and practices of the past few years,” 
says the ninety-second report of the General Federation 
of Trade Unions, “‘ have tended to weaken the principle 
of collective bargaining in matters relating to wages, 
hours and’ conditions. Faith in the methods sancti 
by the struggles of: the pioneers of trade unionism has 
been lost. It has seemed easier to use force than 
reason. To those, however, who study the history of 
industrial movements in different ages and in different 
countries, reason is still the better weapon. The laws 
which govern production and trade are very delicately 
poised. They may. be easily upset, but they can never 
be a overborne. When reason is brought to 
bear, modification. of these laws may be attempted, 
but when force is used,.or when the power of the trade 
unions is used for other than trade union purposes, 
disaster may. be expected.’ The report gives the gross 
membership of the federation (consisting of 183 
unions) as being 1,161,460; the reserve is 65,3391. 
There are arrears of contributions which will be paid 
and assets which will be realised, and these, it is added, 
should take the credit balance to over 80,0001. 





Mr. H. Seymour Berry, one of the directors of Messrs. 
Guest, Keen and Nettlefolds, Limited, is reported to 
have stated: in a speech which he made at Merthyr, 
last ae oe he had: played an important part in 
getting the Dowlais Works re-started. Labour thought 


there was a gold mine in those works, and he was 
willing to give the financiers of the Independent Labour 
Party an opportunity of acquiring them. He was 
prepared to arrange that the whole or the Dowlais 
collieries and works be transferred, at the price of 
scrap value, to the Co-operative Society, Limited. 
There was there a very good. opportunity open to the 
Independent Labour Party for employing its funds. 
These could be invested in the Dowlais collieries and 


works, “‘ good wages would be paid to every man and | P® 


peace at any price obtained.’’ Mr. Berry added that 
he was one of the largest shareholders of Guest, Keen 
and Nettlefolds. The concern was owned by quite 
30,000 people and the average holding was 5001. As 
he was a large shareholder, there must be thousands of 
people who owned less than 500/., their hard-earned 
savings. He further stated that if an extreme Labour 
candidate were elected to represent the constituency in 
Parliament, it would be exceedingly difficult for further 
capital to be spent in the district. 





Speaking on October 17, at the seventh annual 
meeting in Boston of the Associated Industries of 
Massachusetts, Mr. Charles M. Schwab, chairman of 
the Board, Bethlehem Steel Corporation, stated that the 
United States, having natural resources such as no 
other nation in the world possessed, was destined to 
become the workshop of the world, and to supply the 
needs. and: comforts of other peoples. If he were 
younger, he added, he would give up all he had accom- 
plished during his business career of forty-three years 
to begin afresh in the lowliest capacity, since he was 
convinced that the development of industry in the 
United States had only just begun. Mr. Schwab 
further stated that he had always thought of industry 
as @ three-legged stool, carried on capital, management 
and labour. The stool could not stand unless it had 
all three legs and the legs had to give equal support. 
Without the goodwill and the loyalty of the working 
force, a business would soon find itself in the bank- 
raptcy court. The man who had his labour to sell 
had-as good a right to bargain for it as his prospective 
chief had. He would have no man from Kamtchatka 
come into Bethlehem or Fore River and tell them what 
to do. 

The Iron Trade Review, Cleveland, Ohio, states that 
the Jones and Laughlin Steel Company, Pittsburgh, has 
‘arranged to employ students working their way through 
the Carnegie Institute of Technology, Pittsburgh, in 
the steel mills on Friday and Saturday nights, or all day 
Saturday. The shifts are of 10 hours. The arrange- 
ment gives to the students in the college of engineering 
an opportunity to acquire practical as well as theoretical 
knowledge. 





The Chamber of Commerce of Preston having been 
invited to submit to the Association of British Chambers 
of Commerce a brief statement of its views upon the 
effect of the American Tariff Act on trade in the district, 
‘and upon any trades in particular, letters were addressed 
to several large firms in Preston and district to obtain 
the desired information. The replies received were 
considered by the Executive Committee, and subse- 
quently the following observations were transmitted to 
the association :— 

“There can be no possible doubt but that the new 
American tariff will have an injurious effect upon 
Lancashire trade, and is a most serious matter for 
Preston, as there are several thousand looms engaged 
on for the States. 

“The Chamber is not prepared to go so far as to assert 
that the tariff will stop trade, but, by making goods 
dearer (as it inevitably will do), demand will be restricted 
and we shall do less trade. That, of course, is the 
raison d’étre of the new tariff—that the States will’ 
import less from ourselves and from other countries. 

“* It is believed that there will soon be a reaction from 
the present extreme protectionist policy of the States, 
but, in the meantime, two classes will suffer, namely, 
the producer here, and the consumer in the United 
States of America.” 

We gave a brief abstract of the new American tariff 
on page 530 ante. 





EXPLOSION OF A VERTICAL BOILER AT 
A FARM. 

A PRELIMINARY inquiry has been held. by the Board 
of Trade, under the provisions of the Boiler Explosions 
Acts,. 1882. and 1890, with regard to the cause and 
circumstances of the explosion of a boiler, which oecurred 
at the farm of Mr. William Sanders, Romford, Easex, on 
May 22 last, by which explosion Mr. Sanders, the owner, 
was severely injured, but recovered after being in- 
capacitated for several weeks. 

The boiler was of the vertical type, and of the eon- 
struction usual for small vertical boilers for cranes, &c., 
and it was made of steel plates, originally ,°, in. thick, 
forge welded at the joints. It consisted of an outer 
cylindrical portion, 26 in. in diameter and 5 ft. high ; 
the plate appeared to be about } in. thick. The fire-box 





was of the usual formation, with a flat top,fand straight 
vertical tubes, 2 in. in diameter, conveyed the products 
of combustion through the upper water space, and 
terminated in a flat tube plate at the top of the boiler. 
The smoke-box and. chimney were attached to the to 
plate by light rings of angle bar which were covered wi 
a vag | of fireclay. 
The fittings provided were a safety valve of the weight 
and lever t which was reputed to blow at 24 Ib. 
per square inch, a pressure gauge graduated to 100 Ib. 
uare inch, a steam injector for feeding the water 
into the boiler, and a }-in. drain cock; there was no 
oe valve on the boiler. 
he safety valve and pressure gauge were both mounted 
on one short length of iron pipe, the safety valve being 
nearest to the boiler, and in addition, two openings were 
provided for further connections, but these were not 
used, and the openings were blanked. Two cleaning 
doors, 5 in. long, by 3 in. wide, each held by a single 
bridge, and. }-in. stud, were fitted above the fire doors, 
and three further doors for cleaning purposes were 
arranged around the base of the boiler, each about 
8 in. long by 4 in. wide and secured by two }-in. studs and 
nuts, it was the failure of one of these studs which caused 
the explosion. 

The boiler was purchased by Mr. Sanders from Mr. P. 
Perry, of 33, Abbots-road, East Ham, London, E. 6, on 
March 26, 1921. Mr. Perry had obtained it a week or 
two previously from Messrs. T. W. Ward, Limited, of 
Thames-road, Silvertown, London. The latter firm stated 
that they purchased the boiler with a quantity of scrap 
at a sale, and they were unable to say when or by whom 
the boiler was made, but it was stated by Mr. Perry 
that he tested the boiler to a pressure of 100 lb. per 
square inch. 

Since the boiler had been installed at Mr. Sanders 
premises no repairs had been made. No inspection of 
the boiler had been made other than the daily attendance 
and general oversight of the owner; nor was the boiler 
insured. 

Mr. W. E. McConnell, engineer surveyor to the Board 
of Trade, in his report states the boiler was used by 
Mr. Sanders for preparing food for pigs, the breeding and 
raising of which is his business. The pressure was 
to be under 24 1b. per square inch, and the steam 
was led direct to four open pans, in which the swill was 
placed, by a steel pipe, } in. in bore, which had a stop 


valve at each bi to the . On the day of the 
explosion, the fire was lit shortly after 7 we and about 
an hour later, when there was about 18 lb. to 20 lb. per 


square inch pressure of steam, Mr. Sanders noticed a-leak 
at the joint of the right-hand bottom cleaning door. 
He attempted to tighten the nut, but the stud broke 
under the pressure, and the door, held only by one stud, 
was forced open, thus allowing the contents of the boiler 
to and to issue upon Mr. Sanders. It was after- 
wards found the material of which the stud was made 
was defective, being laminated, and these laminations 
opened when submitted to a torsional stress; ve 
little further strain was n to shear the stud. 
The studs for these doors were only } in. in diameter, 
and were placed 6} in. apart, which, Mr. McConnell 
states, appears to insufficient for any but quite 
nominal pressure, and . apart from the lightness of 
these studs, the task of making such a joint so that it 
should be tight, would be a matter of somewhat fine 
ustment, as the points of pressure were so far apart. 
his accident conveys the warning to small users of 
steam vessels that even quite small apparatus worked at 
somparfatively low pressures possesses the wer of 
Causing a considerable amount of oa and may be 
highly dangerous in use. They should, therefore, be 
handled with caution and examined at suitable intervals 
by a competent person. 

Mr. Thomas Carlton, Engineer-Surveyor-in-Chief to the 
Board of Trade, in his ‘‘ Observations,” states, “‘ The 
type of sludge door fitted to this boiler is objectionable 
and, as the explosion shows, dangerous. The bolts 
woouring the door moreover were of inadequate strength. 
With ordinary type of door where the joint is inside 
the boiler the effect of fracturing a securing stud would 
probably have been negligible.” 





Danisa Imports oF CoAL AND Coky.—The coal imports 
of Denmark in the seven months, January to July this 

, says the Danish Foreign Office Jou , amounted to 
1 -353,000 tons inst 793,000 tons in the same period 


last year. N the whole quantity came from Great 
Britain, and especially from Northumberland, Durham 
and Scotland. © imports of cinders and coke were 


360,600 tons against 186,000 tons in 1921. 





Liqum Fver.—In the course of a lecture on “ Liquid 
Fuel,” delivered at Frankfurt last month, Dr. H. Bergius, 
of Berlin, stated that the Bergin Gesellschaft, of Rheinau, 
near Mannheim, was converting oil residue rich in 
asphalt and coal itself into liquid fuels for internal- 
combustion engines by his process of treating the car- 
bonaceous material with ge in steel vessels at a 
gas pressure of 100 atmospheres. But he admitted that 
there were great technical and financial difficulties in 
working the process on a big industrial scale. In the 
case of motor fuels it was sufficient to force the carbon 
into combination with about 8 per cent. of hydrogen, 
From heavy tar oils he could uce about 80 per cent.’ 
of light oils, leaving 20 per cent. of a marketable pitch, 
Goal itself could be transformed inte a liquid fuel to 
about 90 per cent. of its dry weight. The general 
tendeney of the research was the preparation com- 
pounds of low boiling-points ; for the higher the boiling- 
point, the slower was in general the combustion, and the 
more difficult the production of intimate mixtures of the 





vapours with air. 
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the valve bonnet. The pump ram is hollow, and has a 
ring of slots or ports E, which at certain parts of the 
travel may be uncovered by a sleeve F surrounding 
the pump ram, the axial position of this sleeve being 
controlled by the governor. On the up-stroke of the 
pump, oil is forced into the pressure chamber below the 
plunger, thus raising the plunger and the steam valve. 
At a point determined by the position of the governor 
the ports in the hollow pump ram overrun the sleeve, 
and the oil escapes through the ports back into an oil 
receiver. The steam valve is now free to close under 
the combined action of the spring and the dashpot 
piston, the seating of the valve being both rapidly and 
quietly performed. The gear is, it will be seen, very 
compact, and but little power is required to operate it. 
The exhaust valves of the high-pressure cylinder are 
piston valves, and are driven from eccentrics on the 
lay-shaft through intermediate rocking levers. 

The “pressure regulator,” which automatically 
maintains a steady pressure in the receiver and in the 
steam pipe to the factory, is placed under the lay-shaft 
near the low-pressure cylinder, and can be seen in 
position in Fig. 5, and also in plan below the lay-shaft 
in Fig. 2. This pressure regulator acts by varying the 
cut-off of the low-pressure inlet valve gear in accordance 
with the pressure in the receiver pipe. When the steam 
required for the factory is a maximum, very little steam 
is allowed to pass into the low-pressure cylinder—that 
is to say, almost all the steam going into the high- 
pressure cylinder is taken away as “extraction” 
steam into the factory steam main, and almost all the 
power of the engine is developed in the high-pressure 
cylinder, the regulator having brought the low-pressure 
valve gear to its earliest cut-off. If the demand for 
“extraction steam’ should decrease, the pressure regu- 
lator alters the cut-off of the low-pressure valve gear, 
making it later. The low-pressure cylinder now takes 
more steam and develops more power. This causes 
the speed of the engine to rise slightly, but this is 
checked by a sensitive spring-loaded grovenor, which 
decreases the cut-off for the high-pressure cylinder. 
The total effect, therefore, is to limit the change of 
speed, to limit the change of pressute in the receiver 
pipe, and to transfer a part of the mechanical load 
from the high-pressure to the low-pressure cylinder. 
When the demand for factory steam is greater than 
that which it is intended should pass through the 
engine, or when the engine is standing, steam is allowed 
to pass directly from the live steam pipe through a 
reducing valve into the low-pressure pipe to the factory. 
A non-return valve is fixed between the receiver pipes 
and the low-pressure factory main, in order to prevent 
any excessive rise of pressure in the factory main being 
transmitted back to the receiver pipes and to the low- 
pressure cylinder, which might cause the engine to race 
when running on light loads. Should no steam be 
required for heating in the factory, the engine works 
with the economy of a normal tandem compound 
condensing engine, and has a much higher efficiency 
than a single cylinder back pressure engine. 

The low-pressure cylinder, being of the “ Uniflow ” 
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maximum when the engine is operating on a normal 
vacuum. With the clearance space fixed, therefore, it 
is obvious that a poor vacuum will cause an increase 
of compression in the cylinder, which might become 
excessive and dangerous if suitable preventive 
mechanism were not provided. To this end Messrs. 
Galloways fit an automatic compression release device 
to all Uniflow engines built by them. A horizontal 
section of this compression release gear is shown in 
Fig. 2. As there shown, two supplementary exhaust 
valves H, of the mushroom type, are arranged on the 
side of the cylinder, one at each end. These valves 
open inwards, and are kept normally closed by the 
springs K, which act in conjunction with the pressure 
of the steam. On the engine lay-shaft are sleeves 
for each cylinder, carrying cams N of tapering form, 
which are capable of longitudinal movement on the 
shaft. The axial position of the cams is made to corre- 
spond automatically with the vacuum in the condenser 
by the spring-controlled piston O, of a smal] cylinder P, 
mounted at the end of the lay-shaft. One end of this 
cylinder is open to the atmosphere, and the other to the 





type, has its clearance volume proportioned so as to 


condenser. The piston operates the cams by means of 
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the rod R. Under normal conditions of vacuum the 
small end of each cam is just clear of the roller on the 
supplementary exhaust-valvye stem, and the valve 
remains seated; but if the pressure in the condenser 
rises, the piston of the vacuum cylinder moves out, and 
by means of the rod R the cams are moved axially, so 
that they allow the exhaust valve to open during a 
portion of the compression stroke. The amount and 
duration of the valve opening depend on the axial posi- 
tion of the cams, and thus increase as the back pressure 
rises. It should be noted that under normal vacuum, 
the valves, valve guides and rollers are absolutely out 
of action. The gear has thus few moving parts, and 
absorbs the minimum of power. 

The bed-frame of the engine is of the double-bearing 
type with bored guide, and is cast in one piece. Its 
whole length is supported on the foundation to which 
it is securely bolted. The connection between the 
high-pressure cylinder and the bed-frame is by a 
circular miasted, joint, while the high-pressure and the 
low-pressure cylinders are connec by a suitable 
distance-piece. The steam not used for heating passes 
to the low-pressure cylinder, and thence to a jet 
condenser and air pump placed under the floor, as 
shown in Fig. 1. It will be seen that the steam to be 
condensed is much less than that of a normal engine 
of the same power, since the low-pressure cylinder only 
deals with the difference between the total steam supply 
and the extraction steam. The horizontal air pump is 
driven from a small crank fixed on the end of the 
engine crankshaft, through connecting links and a bell 
crank lever. There are no foot valves in the pump, 
ports _ « at the centre of the barrel being — 
stituted. These ports communicate with the condenser, 
and when uncovered by the bucket the condensate 
flows freely into the barrel. On the return stroke it is 
delivered through the multiple valves fixed at each end 
of the pump barrel. 

The crank is completely enclosed in a steel case, and 
a central system of forced lubrication serves the main 
bearings, crank pin, crosshead pin and crosshead shoes. 








Pre-Cootinc oF Arn IN Braziian MINE TO BE 
Sruprep.—The deepest. mine in the world, man’s farthest 
approach toward the hot centre of the earth, is the 
objective of Dr. Thomas T. Read, Chief of the Informa- 
tion Service of the United States Bureau of Mines, who 
is representing the Interior Department at the Brazil 
Centennial Exposition at Rio de Janeiro, About 150 
miles west of Rio the St. John del Ray Mining Company 
has burrowed in the earth, following a rich vein of gold 
ore, until the workings are a a mile and a quarter 
beneath the earth’s surface. he tem ture rises 
1 deg. for every 120 ft. in depth, and on the lowest level 
(6,426 ft.) the temperature of the surrounding rocks is 
118 deg. F. No one could work at such a temperature, of 
course, and it is only through providing abundant fresh 
air forced in by fans, that the men’ can work effectively 
in the St. John del Ray. This mining company has tried 
the experiment of refrigerating its fresh air before forcing 
it into the mine, and the purpose of Dr. Read’s visit is to 
ascertain whether pre-cooling the air is enough of a 
success to justify its adoption in those mines in the 
United States where high temperatures are encountered 
in the deep workings. 
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EXAMINATION SYLLABUSES. 
To vax Epizor or ENGENBERING. 

Sir,—I have before me the London University 
“Regulations Relating to Degrees in Engineering for 
External Students,” dated September, 1922, and should 
like to offer the following comments on points which may 
be of interest to your readers. 

The syllabus given for the subject ‘‘ Theory of Struc- 
tures and Structural Design” is in bare outline only, 
and as a guide to. prospective candidates is either entirely 
inadequate, or it is the intention of the examiners to set 
questions which are not covered by it, as has indeed 
been the practice in the past. No mention is made in 
the syllabus of reinforced concrete in any of its forms, 
column design, built-in girders or influence lines, yet 
questions on all these have been set at previous examina- 
tions on the subject. Similarly, in “Strength and 
Elasticity of Materials,’’ from the syllabus given the 
student would have great difficulty in divining that 
questions may be expected on plate stresses, ring stresses, 
continuous girders, reinforeed concrete, springs, me 
and hardness testing and the strength of Portland 
cement. 

It is surely self-evident that syllabuses for a public 
external examination should be carefully worded in 
considerable detail, and that no question should be set 
which is not definitely and explicitly covered by the 
syllabus. The object of such an examination is not to 
test. a student’s luck but his knowledge of the subject, 
and chance should be eliminated entirely. The waste 
of effort caused among independent students by this 
vagueness must be considesale 

The statement on page 462 of the Regulations with 
regard to exemption from the Associate Membership 
Examination of the Institution of Civil Engineers also 
appears to require correction. I am informed that the 
exemption © applies to Section A and B of that 


examination. 
: Yours faithfully, 
E. %. MANN. 


The University College of Southampton, 
Novelar 6, 1922. 





“THE RELATION BETWEEN MAGNETIC 
HYSTERESIS LOSS AND COERCIVITY.” 
To rar Eprror or ENGINEERING. 

Sur,—In a paper published on page 3651 of your issue 
of September 22 last—‘ The Relation between Magnetic 
Hysteresis Loss and Coercivity ’—the authors express 
the area of the hysteresis loop as K times the product 
4H. Bm (Fig. 1) Making the axes rectangular, Fig. 2 is 
obtained from Fig. 1 by a slight modification ; the areas 


Migt, 4 
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involved are unaltered. K is then the area A BC D 
divided by AEC F. Assuming the continuity of Bm, 
when it becomes vanishingly small the curves G B A and 
HDC a gyno to parabolas with their vertices at 
GQ and respectively, The corresponding limiting 
value of K is, therefore, two-thirds. The authors’ values 
of (K) Ba = 0 are, for their three curves, 0-66, 0-67 
and 0:67. The 1 ag t inspires confidence 
in the method of testing they suggest and is, at the same 
time, a tribute to theu experimental skill. 

ours faithfully, 

c. WARREN, 





Heatherley, Bexley Heath, Kent, 
November 6, 1922. 





**DOUBLE-REDUCTION GEARS FOR 
TURBINES.” 


To THe Eprror oF ENGINEERING. 


Sir,—With. reference to the letter —i under the 
above heading in your issue of Oetober 27, 1922, over the 
signature of Mr. T, M. Service, I hesitate to pit myself 


against expert opinion in connection with so highly 
technical a matter as the properties of alloy steel, but 
writing as an engineer with some experience ign, 
construction. and running of geared turbine machinery 
{rem its earliest days, I feel that there are one or two 
points in his letter which at least require some explana- 
tion. 

In the first place it should be bered that the 
chief trouble experienced in the early days of double- 
gear reduction sets was wear and tear and not fracture, 
hut this which has to a very great extent, been.overcome 
by improved metheds of cutting and aligning has been 
neg one much more difficult of solution, namely 
fracture.of the pinion teeth, principally in the case of 
the high-speed pinions. 

This particular trouble is not confined to double- 
reduction gears, but is equally common in single gears. 

My own records, which go back to 1913, reveal the 











fact that there were no fracture troubles prior to about 
the end of 1919, but since then such troubles have been 
very frequent, and in the case of vesséls under my own 
eee ation, more frequent in single-reduction sets than 
double. 

If then, as suggested by Mr. Service, these failures 
have been due to over-stressing the metal or to fatigue, 
it is difficult to explain why single-reduction pinions, 
working under exactly the same stresses and conditions, 
but manufactured of steel, made within the last three 
years, should fail, while pinions made in the early days 
of peering are still running without the slightest sign of 
failure. can, if necessary, instance ships in which the 
pinions ori inally fitted in the vessel in 1914 are still 
running, while I can also give examples of later ships 
in which fracture has oceurred within the first 1,000 
miles steaming. 

In these latter cases it is difficult to trace any differenee 


in design or designed stresses which can at all account } 


for the failures. It may be said that the conditions 
under which the two machines are working in the ship 
differ ; that torsional stresses due to the propeller may be 
different ; or that vibration due to weakness of the ship’s 
structure may have some bearing on the question; but 
the fact remains that the cases which I have cited are too 
numerous to justify one in concluding that it is simply 
coincidence. 

I am very strongly of the opinion that some change 
has taken place, within the last few years, in the technique 
of manufacture and after treatment of the alloyed steels 
used for gearing pinions, which accounts for their repeated 
failure, and any number of micro-photographs or tables 
of physical tests\cannot alter this fact. 

he position of the engineer and designer, I think, 
is not that the steel itself is in fault, but that the forging 
or ingot is defective due to the presence of fine cracks or 
flaws in the structure. 

If I may use a fairly common illustration I would say 
that a cracked mirror may be made of very excellent 
glass, but it is not much use for the purpose for which 
it is intended. 

Yours faithfully, 
R. R. Gray CHISHOLM. 

22, Billiter-street, London, E.C. 3, 

November 7, 1922. 





To tHE Eprror or ENGINEERING. 

Sir,—In your issue of November 3, on page 563, 
I much regret to note that Dr. Hatfield has thought fit 
to prophesy such an evil fate for ‘‘ Vibraec”’ pinions. 
Prephecy is always dangerous, and as. Dr. Hatfield can 
really know very little about the ial properties of 
“Vibrac’’ steel, it is particularly so m this case. How- 
ever, a little patience and time will prove which of our 
opinions is correct. 

It is a pity Dr. Hatfield did not go more fully into his 
reasons for predicting failure, as probably the same 
reasons could be applied to prove that the 100-ton 
tensile steel generally used for motor car gear wheels 
would be useless for that purpose, and yet, with a fierce 
clutch and an inexperienced or ruthless driver, what a 
severe strain they are called upon to stand, and yet how 
they invariably meet such conditions satisfactorily. 
I cannot agree that our experience proves that nickel 
steel is the best material for these pinions. An engine 
builder might equally well say it proves that there is no 
trouble due to faulty machining. 

Might I ask Dr. Hatfield a slight variation of one of 
Mr. Wesley Austin’s questions—Has he. ever come across 
a case of a broken pinion. having a real high elastic limit 
and a good circumferential impact ? If se, I should very 
much like to obtein a piece of material of this nature 
for further investigations, 

The only official impaet test taken is a longitudinal 
one, and practice shows that there is not necessarily 
any relation whatever between the impact values in 
the two directions. In the best of steel the transverse 
value is always much legs than the longitudinal, but 
cases happen in which, while the longitudinal value may 
be really good, the transverse may be almost nil. 

Seeing that in a the 
is in a tangential 
tangentially. Longitudinal testing, in this case, is a 
waste of time and money, aud the results are obviously 
misleading. Whatever the transverse tests are, the 
longitudinal can always be relied upon to be better. 
I think the diagrams I have submitted will also show 
what little value there is in the so-called yield point, 
and, it would be as well that this matter should be further 
investigated, particularly in the case. of heavy forgings. 

Yours faithfully, 
Wma. C. RowpEN 
(Sm W. G. Armsrronc, WuitwortH AND Co., 
LrvrrepD). 
Ashton Old-road, Openshaw, Manchester, 
November 8, 1922. 





Tae iInstirvrion or Municreat anp County 
ENGINEERS.—On the occasion of the fiftieth anniv 
of its foundation the Institution of Municipal and County 
Engineers will have a motion on the agence for its 
annual general meeting in June or July, 1923, which. will 
have the effect of restricting admission to corporate 
membership to engineers who possess a professional 
diploma or certificate, or University degree, awarded 
after examination by some seqpenal 
been commonly required from applicants for associate 
membership for a considerable time, but it to 
be the general opinion of the profession that the Sacitisien 
for obtaining certificates in engineering are now such 
that experience alone should not be held to entitle 
engineers to claim equality with thoge who have.obtained 
certificates in addition to experience. The alteration 
was recommended, for adoption in 1923, at the forty- 
ninth annual general meeting. 


inion part of the stress,|.¥’ 
Fineoti ion, all tests should be taken 


e body. This has | whose 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is quiet, but makers are well sold, and are loath 
to lower quotations which, however, regular customers 
consider are on a good deal teo high a level. A large 
pro: ion of the iron sold to the United States has yet 
to loaded, so that shipments to America promise to 
continue on a substantial seale. Current quotations are 
not actually changed, but doubtless a buyer with an 
order for delivery beyond the end of the year would be 
able to obtain price concessions. The f.o.t. makers’ 
works, and f.o.b. Tees quotations stand :—No. 1 and 
siliceous iron, 97s. 6d.; No. 3 G.M.B., 928. 6d.: No. 4 
foundry, 90s.; and No. 4 forge, 85s. 


Hematite.—Quite a good trade is doing in East Coast 
hematite, and with the strengthening of the statistical 
situation, values show a rather wpward tendency. Few 
producers are now in a position to offer prompt parcels, 
and what stocks remain available for disposal are being 
steadily taken up. There is likelihood of one or two 
idle hematite furnaces being rekindled in the near future. 
Nos. 1, 2 and 3 command 93s. on both home and export 
aecount, and some sellers ask 93s. 6d. No. 1 is at a 
premium of 6d. 


Foreign Ore.—Though freights are stiffening foreign 
ore prices are extremely weak. As low as 22s. c.i.f. 
Tees is quoted for best rubio. 


Biast-FPurnace Coke.—A fall in blast-furnace coke is 
very welcome to local consumers, who, however, consider 
the reduced rates too high. Substantial purchases of 
medium qualities have been made at 28s. 9d. delivered, 
but there are sellers who still ask upto, 30s. 


Manufactured Fron and Steel.—There is rather more 
doing in finished iron and steel. Prices are well main- 
tained, and wanised sheets have advanced ls. 
Common iron are 10]. 10s. ; iron rivets, I1/.; steel 
billets, 7/. 58. to 8. 5e.; according to quality ; steel 
boiler plates, 12/. 10s. ; steel ship, bridge and tank plates, 
91. to 91. 108. ; steel angles, 8/. 15s. + steel joists, 91. 10s. ; 
heavy sections of steel rails, 9/. 10s. ; fishplates, 14/. 10s. ; 
and galvanised corrugated sheets, 17/. 10s. 


Shipments of Iron and Steel.—Shipments of iron and 
steel from the Tees for October totalled 104,979 tons, and 
were the heaviest of any month for the past six years. 
They were composed of 66,381 tons of, pig-iron, 5,263 tons 
of manufactured iron, and 33,335 tons of steel. The 
pig-iron loaded included 4,206 tons from Skinningrove. 
All other shipments were from the port of Middlesbrough. 
Of the pig-iron sent from Middlesbrough. 54,762 tons went 
abroad, and 7,413 tons went coastwise; of the manu- 
factured iron cleared 3,710 tons went to foreign ports and 
1,553 tons coastwise; and of the steel despatched 
27,244 tons went overseas, and 6,11] tons coastwise. The 
‘United States took by far the greatest quantity of pig- 
iron, receiving 28,628 tons; Canada being second with 
9,950 tons; whilst Wales took 4,660 tons; Belgium, 
3,826 tons; Italy, 3,054 tons; Sweden, 1,928 tons ; 
Scotland, 1,925 tons; Finland, 1,685 tens; France, 
1,295 tons; and Germany, 1,030 tons. Again India 
was the largest customer for both manufactured iron 
and steel, reeeiving 2,554 tons of the former, and 11,144 
tons of the latter. Among other importers of steel 
were :—Portuguese East Africa, 3,058 tons; Japan, 
2,199 tons; New South Wales, 1,640 tons; Victoria, 
1,385 tons ; Hong Kong, 1,072 tons ; and West Australia, 
1,066 tons, 

Imports of Iron and Steel.—Statistics have just been 
issued giving imports of iron and steel to the Tees from 
Holland, Belgium, France, Norway, Sweden and Germany 
and coastwise for the twelve months ending October, 
1922, compared with the previous twelve months, and 
the corresponding partial pre-war period of 1913-14. 
They give the arrivals of pig-iron for the past year at 
34,631 tons, as against 73,292 tons for the previous 
ear, and 1,427 tons for the corresponding period of 
1913-14. Plates, bars, angles, sheets, joists, «&c., 
imported during the past year amounted to 6,816 tons, 
as against 20,972 tons for the previous twelve months, 
and 19,482 tons for the corresponding period of 1913-14. 
rude sheets, bars, billets, blooms, slabs, &c., unloaded 
during the out year reached 54,614 tons, as against 
35,268 tons for the previous twelve months, and 33,265 
tons for the 1913-14 period. 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. — 

Iron and Steel.—Viewed from the most optimistic 
standpoint, the.rate of recovery in the steel and engineer- 
ing trades of South Yorkshire leaves much. to be desired, 
and in many respects.is very Giseppainting. The redue- 
tion of selling values to a level lower than anything 
anticipated at this time last year has largely failed to 
attract tial buyers. True, more orders for steel 
and engi ing products have lately been booked, but 
they are m of such trifling proportions that the 
gross output shows little, if any, expansion, nor is un- 
employment materially reduced. Sheffield’s idle opera- 
tives on the books of the Labour E still total 
37,000, in addition to which there are several thousands 
iod of benefit has expired. The latest reports 
issued by the-] manufacturing houses are the reverse 
of cheerful. : ose losses continue to be made, 
mainly by reason. o: writing down of expensive stocks 
to the ourrent.market level, the: maintenance of idle plant 
in an efficient condition against a return to greater 
activity, and the acceptance of eontracts at prices which 
allow only a microscopic margin of profit, Even these 
departments which of recent weeks have been running 
continuously find themselves debited with a serious loss, 
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so unremunerative is the work in in progress having regard 
to the unfair apportionment of standing charges. At 
the same time, it:is evident from ‘the restarting of at least 
one additional blast furnace in this district that the 
requirements of local steel-makers are not diminishing. 
Both in iron and steel, cheap basic produets,are. the most 
popular, and provide the greater tonnage of work. 
Plant recently recommissioned is actively engaged on 
contract bookings, and seems likely te continue at the 
current rate of output. Here also much of the work in 
hand is unremunerative, but suffices to find employment, 
and to contribute to overhead mses. ‘Recovery im 
high-speed and other special steels is exceptionally slow. 
Foreign buyers who formerly were among Sheffield’s 
largest customers are only taking a sufficient tonnage to 
cover essential renewals. Colliery consumption is a 
little better, and automobile engineers are also coming 
forward more freely. Hope centres largely in the con- 
summation of foreign s.hemes of recemstruction and 
electrical enterprise. Shipbuilding wequirements of 
forgings and castings were rarely on a smaller scale, 
though judging from the large tonnage of obsolete vessels 
due for replacement, big business will be done when 
conditions are more favourable. The railway depart- 
ments are by no means busy, though India is again a 
more liberal buyer of axles, springs antl tyres. Arma- 
ments are still in the dumps. The placing of the con- 
tracts for the two new battleships afford temporary 
relief, but the major problem of the future.of the Cz 
armament-making shops remains to be solved. Alread 
expensive stafis have been wedueced and aan 
work curtailed. Raw and semi-finished materials show 
little alteration. Buyimg is principally confined to 
immediate requirements. ‘Forward business can be done 
at rates which distinctly favour consumers, who, oe 
ever, are chary of eens stocks too greatly until 

the demand ‘for shows more life. 
Quotations *Weat  Cons Coast hematites, delivered at 
Sheffield works, 5l. Se. to Gl. 10s. ; East Coast hematites, 
Sl. Se. to &l. te Od: Lincolnshire foundry, 4l. 2s. ‘6d. 
to 41. 5e.; Lincolnshire forge, 3/. 17s. 6d..to 4l.; Derby- 
shire ienution, 41. 28. 64. ; forge, 3i. Tie. 6d. ; 
bars, L1/. 108. to 127. ; sheets, B6l. to 16/. 


South Yorkshire Coal Trade.—The continuance of the 





coal, 
period of the year, merchants repert i 
creased bookings. Orders at local collieries are 
up nieely, especially for best grades. London buyers are 
taking a large share of the output. On export account 
best steams are slightly easier. This is attributed mainly 
to congestion of the docks at Hull. Prices for forward 
business are well maintained, with Germany and France 


prominent buyers. Best slacks are attracting more 
attention. Coke shows general signs of recovery. 
Quotations : —Best branch handpicked, 32s. 6d. to 
34s. 6d.; Barnsley best Silkstone, 28s. to 30s. ; Derby- 
shire best brights, 248. to 268.; Derbyshire best house, 
2hs. 6d. to 22s. 6d. ; Derbyshire best nuts, 19s. 6d. 
to 22s. 6d. ; Derbyshire best small: nuts, 15s. to 16és..6d. ; 


hards, 20s. to 21s.; Derbyshi 
to 20s. 6d.; rough slacks, 8s. 6d. to Ms. 6d. 
slacks, 7s. 6d. to 8s. 6Gd.; smalls, 3s. to 5s. 





NOTES FROM THE NORTH. 

Guiascow, Wednesday. 
Scottish Steel Trade.—A slightly better tone prevails 
in the Scottish steel trade this week, but there has been 
no . ‘Consumers on all 
continue their policy of “‘ go easy,” and there. certainly 
seems little to induce them to commit themselves to any 
extent as yet. The demand is still very poor either 
for ship piates or sectional material, and not much 

business passing. Inquiries all round are i 
and give hope for a fair amount of dealing 


Hi 


sections, 
101. 10s. per ony all delivered 


Malleable Tron Trade.—The position im the 
iron ‘trade must still be reported .as ‘far from z 
There is a lack of enthusiasm amongst buyers, and very 
few orders are being given out with the imevitable result 


outlook is not very 
and “crown” 
delivered Glasgow. 
General Trade.—The general trade position is not very 
sound at the present moment, and a want of confidence 
is all too noticeable. Most industries are suffering from 
a lack of demand and only in some isolated cases is there 

Engineering firms in general are moving 
peri ne Mw, on Leta agge er eee 


of eaployess haa elev been cut down. The trade outlook 
re é 


bright. Prices are 


Scottish Pig-Iron Trade.—The current t of 
4ron is being idly taken up, but bulk 
of it is sti! foret The = for 


America was considerable, but little i in the way of repeats 
is now coming forward, and as contracts get worked off 
producers will begin to feel the pinch because of the poor 


settle down a bit. On the 


maintained, 
Sse abe atl aaihed ton be ane aa 








prospects at home. The local demand is not of much 
consequence at the present time and shows no sign 
of brightening up. Last week’s shipments from Glasgow 
Harbour amounted to 6,902 tons, of which ‘6,716 tons 
went foreign and 186 tons coastwise. Prices are easier 
inclined, and the following may be taken as to-day’s 
quotations :—Hematite, 5. 7s. 6d. per ton, delivered 
at the steelworks ; foundry iron, No. |, 5i. 28. 6d. per 
ton, and ‘No. 3, 4/. 17s. 6d. per ton, both on trucks at 
makers’ yards. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The certificate of the joint 
accountants of the South Wales Coalowners’ Association 
and the Miners’ Federation of the preceeds and costs 
in the eoalfield in September was not up to the expecta- 
tions of either the owners or miners. In view of 
fact that shipments in September reached the 
level for a number of years, and that the value .o the 
exports was also appreciably increased it was anticipated | t 
that the owners would have been able to retain their 
standard ts of L7 per cent. and also pay the minimum 
wage of per cent. above the 31915 Sienitond. Such, 
however, was mot ‘the case, for the surplus amounted to 
283,6411., which was only sufficient to pay a percentage 
of 19-55. To:pay the men the minimum of 28 per eent. 
the owners are to sacrifice 105,977/1., whieh 

i total sacrifieed since November last to 


large coal is steady at 
from 26s. 6d. to 27s. 6d., 
round 298., with sized coal ex- 
tremely scarce at ‘Sie. 6d., though bituminous nuts can 
be secured at 25s. Monmouthshire large coals are steady 
with Black Veins realising 25s. 6d. to 26s., Western 
Valleys 258. to 258. 6d., and Kastern Valleys 24s. 6d. 
to 25s. 6d. Smalls are irregular and plentiful. Coke is 
scarce with foundry from 37s. 6d. to 42s. 6d. both for 
export,and inland. Patent fuel keeps steady at 28s. 6d, 
to 30s8., owing to the high price of pitch. 

Tron and Steel.—Welsh tinplate makers have agreed 
to the 7} per cent. wage bonus to the men being retained 


for the next three months. The general inquiry has 
and prices are steady on the basis of 19s. 6d. 
per box, which is 3d. above the minimum. is 
good demand for galvanised sheets, and have 
improved to I7/. IMs. per ton. ‘Last week of 
iren and steel goods amounted to 7,597 of which 
7,753 tens were. despatched from Swansea 152 tens 
from Cardifi. Wlack plate shipments totalled! S13 tons 
renters eet rege eM 
tons against 5,357 tons, galvanised sheets 





nore | Se = } 
Electriea i on Thursday, Novem- 
nome Se. R. Webi (Gradunto) wil give, on behell of 

a demonstration of Cathode Ray Oscilla- 
tions from Sid pom. to 5:5 pm. 


Mysore Rattways.——We We reathi in Indian Engineering 
that there is no likelihood of amy mew ag being 
undertaken by the Mysore State for some 

Ses 


13 interests in 
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analyses substances 
alone settle the question of the 16 or 17 hydrogen atoms ; 





but Kirchhof’s suggestion may lead to synthetic rubber 
researches being conducted in a new direction. 


_ > Cleveland 


“NOTICES OF MEETINGS. 


Tae InersroTion oF HeatIne AND VENTILATING 
ENGINEERS.—-Friday, November 10, commencing at 
7 p.m., at the Engineers Club, Coventry-street, London, 
a& paper entitled “ Instruments for Heating and Ventilat- 
ing Engineers,’’ will be given by Mr. M. Kinoshita, M.Sc. 
(of the Department of Heating and Ventilating Engineer- 
ing, University College). 

THe Surveyors’ Instirvution.—Monday, Novem- 
her 13, when the president, Mr. J. M. Clark, will deliver 

his Opening Address. The chair will be taken at 8 p.m. 

Tae Braprorp ENGINEERING Socrery.—Monday, 
November 13, at 7.30 p.m., Meeting in the Hall of the 
Bradford Technical Colleges. Lecture by | Mr. Cc. Bentham, 

1H 





M.I.Mech.E., M.Inst.T., on “‘ The Mee 
of Goods.”’ 


fue Movs. Socrery or Arrs.—Monday, Novem- 





_ 18, at 8)p.m.: § - Meeting —‘* The Strand and 
i: heir History and Development,” 
Slater, F. “ -B.A., Member of the Council 


5 

bf the Society. Lord Askwith, K.C.B., K.C., 
Chairman of the Council will preside. The pa will 

thers hag ager with lantern slides. Wednesday, 
* ‘et 8 pm.: Ordinary Mecting—" The 
Action of the Beater in Paper Making, with Special 
area to the of the | Board and its 
to'Old.and New Problems.of Beater Design.”’ 
W. (i. Nutall, MLD.4, ‘Chairman of iho Captain 
— M.B.E., ‘Chairman the Technical 


D.C.L., 


Makers’ Association, will i Friday 
November 11 17, at 430 pm Indian Section—‘* The 
ower in India,” Mr. J. W. 


Reason, LL. 
/K.CS.L, K.C.LE,. LLD., F.RS., Reetor of the Imperial 
College of Science and Technology, will preside. 
Taz Ciavevanp iIverrremion or Eyomeers.— 
Monday, Nevember 13, at 6.30 .p.m., in the Hall of the 
Technical Institute, Corporation-road, Middles- 


bbrough. The annual and Balance Sheet will be 
submitted and a pa will be read on “ Some 7 
of a by Froth Flotation,” by Mr. L. A 


oo ILLUMINATING ENGINEERING Sooretry.—Tuesday, 
November 14, at 8 p.m., at the House of the Royal 
Society of Arts, John-street, Adelphi, London, when 
Reports on “ Progress during the Vacation and _— 
ments in Lamps and —. aa liances "” e 

ted, and some interesti elties (new aan 
instruments for testing ‘iluntinetion, lighting fittings, 
illuminated signs, &c.) will be exhibited. 

THe Juntor Institution or EnoGingeers: Norta- 
Eastern Section.—Tuesday, November 14, at 7.15 p.m., 
in Armstrong College, Newcastle-on-Tyne, Mr. H. Lee 
will present a paper entitled “*‘ Notes on Shop Practice.”’ 

Tue InstiTuTION OF PETROLEUM TECHNOLOGISTS. 


z i, at the House of Bociety 
of Arts, » Adelphi, WiC. 2,the 
willbe read: “‘‘The i ian! Pole Tool 
¥ ony by Mr. Albert ‘Millar, A\M.1 The 
ir will ‘be taken at 5.30 pm. by ) > 
Professor J. 8.8. Brame, ‘F.1.C., F.C.8. 

Tae kysrrrure or Merats: Scores Locat Sac- 
TION.— Tuesday, * eam h4, at 7:30 p.m., at ‘the 
——— of Engimeers and Shipbuilders — ie 

oo on- 
ae Their Uses in Marine and 


‘Te Gusussess or po one Norra - Sear Geest 
}LocaL Sxotion.—Wednesday, November 15, at 7.30 
‘Lecture Theatre, 


Tae IwstiruTIon or SrrveTruRaL 
Thursday, November 16, at 7.30 p.m., an ‘Ordi 
Meeting at Denison House, 296, Vanzhall Beligo-cead, 
8.W. 1. A paper on “Concrete on British Railways, 
together with some notes on the durability of the natural 
cements used by the Ancients,” will be read by Mr. W. 
Marriett, M.Inst.C.E. 


ENGINEERS.-— 


Tae ap ed = ee, | _ENGIN=rERS.— 
Thursday, Novem at Ths Improvement 
ee, ae late Dr. G. ~~ 
will be read by Professor Miles 

Tue NowrHamrron | SOs Enow- 
BERING ee ee 


at the College, ‘when a@ paper on “Track Working im 
Conneetion with the Electrification of Raihways,”’ will 
be read by Mr. D. A. Keith, A.M.LC.E. 
Tae Jusior Instirvtion or EnGinerrs.—Friday, 
November 17, at 7.30 pp. at 39, Victoria-street. 
Annual Meeting. 


En 
» November 17, at 7.30 p.m., at the Technical 
” the following per will be read: “‘The Ford 
Pons ~- tion and Service,” Mr. Sem 
am, ‘ord Motor Company, Trafiord 
Park, Manchester. 


‘Tue 
Friday, 
Bt. 


JsstivuTion or MegcuanicaL Enouverrs.— 
November 17, at 6 p.m., at Storey’s Gate, 
's ‘Park, SW. 1. discussion on 
‘Leeomotives,” by Sir Vincent L. haven, 





jected electrification ‘ 

deferred by the Government, following upon a policy 
of retrenchment, until 1925-26, much to the disappoint- 
ment of railway equipment manufacturers and importers. 
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EXTRACTION ENGINE FOR POWER PRODUCTION AND STEAM HEATING. 
CONSTRUCTED BY MESSRS. GALLOWAYS, LIMITED, ENGINEERS, MANCHESTER. 


(For Description, see Page 584.) 
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TELEPHONE POSSIBILITIES IN 
EUROPE. 


At the present moment a telephone subscriber 
in New York can get connection with a subscriber 
in San Francisco and carry on satisfactory con- 
versation. The magnitude of the technical achieve- 
ment which this possibility represents cannot better 
be illustrated than by mentioning the fact that 
New York is about the same distance from San 
Francisco that London is from Bagdad. It is 
hardly necessary to say that a London subscriber 
cannot ring up Bagdad. The remarkable = long- 
distance telephone system which has been built 
up in North America has no counterpart in Europe, 
although with the denser population on this side 
of the Atlantic it might be supposed that conditions 
for such a development would be more favourable 
here. 

An obvious explanation of the relative backward- 
ness of long-distance telephony in Europe is furnished 





ns- | by the language difficulty, and although the distance 


between Brussels and Athens is about the same as 
that between Chicago and Salt Lake City, between 
which places calls can be made at any time, it may 
be questioned whether potential demand for similar 
facilities exists either in Athens or Brussels. That 
this explanation is, however, not uniformly accepted 
is illustrated by Mr. Frank Gill’s reference to it in 


his presidential address to the Institution of Elec- | 


trical Engineers, which was delivered on the 2nd inst. 
Mr. Gill stated “‘ that the opinion of some of those 
well qualified to judge is that the differences in 
language and customs do not, as they would at first 
sight appear to do, constitute a serious bar to 
international communication by telephone, and there 


are weighty reasons such as the present necessity of | 


improving the relationship between nations, in 
addition to the normal commercial advantages, 
which render it safe to forecast sufficient. through 
business to warrant the setting-up of a competent 


organisation with the plant necessary to handle’ 


the traffic.” It is not necessary, however, to 
pursue the question of the weight which the language | 
’' difficulty would ultimately prove to have on the 





development of aa distance telephony in} Europe 
as it is certain that there is at least room for con- 
siderable better facilities than now exist. The 
ultimate development is sufficiently remote for its 
further discussion to be postponed. This is further 
the case, as it is likely that the language question 
has little to do directly with the present state of 
affairs. The European long-distance telephone 
position has developed, or rather has failed to 
develop, much more in terms of the fact that it 
embraces some 40 independent telephone adminis- 
trations than in virtue of any conditions imposed by 
language differences. 

There is another aspect of this question which 
it is only fair to mention, although it was not dwelt 
on by Mr. Gill, whose address, to which we have 
already referred, was devoted to a general considera- 


6 tion of this question of the state of long-distance 


telephony in Edrope. In the course of his remarks 
Mr. Gill said that “from the fact of its denser 
population and less distant cities, Europe enjoys 
advantages over the United States, and these should 
make for much greater development of the through 
business than she now has.” This appears to 
imply that the greater density of population in 
Europe and shorter distances between large cities 
should entail greater potential demand for long- 
distance telephone facilities than is the case in 
America, In the sense that there should be a 
larger clientele per mile of line, a denser population 
should entail heavier demand and make commercial 
prospects more promising, but the denser population 
and the closer cities may also act to some extent 
in the opposite way. Distances are so great in the 
United States that it is much more difficult for 
business men to make personal visits to other towns 
than it is in smaller and more densely populated 
countries. As a result they have to rely to a greater 
extent on the telephone. When main towns and 
manufacturing centres are close together, as in this 
country, it is quite usual for personal business visits 
to be made from town to town, and this must to some 
extent reduce the demand for trunk telephone 
connections. When, however, important business 
towns may be as far from each other as London and 
Bagdad the use of the telephone, if it is available, 
is likely much more largely to take the place of 
personal visits. 

This question of size and geographical configura- 
tion may to some extent explain the remarkable 
long-distance telephone development in the United 
States, but the main explanation undoubtedly lies 
in the unity of control and administration which 
exists over the main part of the area. The enter- 
prise of this contro] and administration is further 
facilitated by the fact that itis a private company, 
and is not hampered and controlled in the way that 
any Government organisation is bound to be, 
Mr. Gill states that there are 10,194 telephone com- 
panies operating in the United States, but of these 
9,315 are either Bell owned or Bell connected. These 
Bell companies have a total of 13,744,495 connected 
telephone stations, or 96-8 per cent. of the total, 
so that the non-Bell connected companies are con- 
cerned with only an insignificant proportion of the 
total telephones of that country and cannot affect 
the general unity of the whole telephone system to 
any important extent. 

The difficulty of establishing general long-distance 
telephone communication in an area divided up 
among a large number of independent telephone 
administrations will be obvious enough, but the 
difficulty is greater than may at first sight appear 
owing to the physical problems which long-distance 
telephony presents. A considerable portion of 
Mr. Gill’s address was given up to a consideration of 
this question. Long-distance telephony demands 
repeater stations, artificial loading in the case of 
cables and also the employment of methods by which 
one pair of lines may be used for a number of circuits. 
It is only in virtue of refinements of this kind that 
the matter. becomes economically feasible.’ As 
illustrating the complexity of the conditions which 
have to be created and worked with Mr. Gill quoted 
some instances of present American practice. On 
the route from New York to San Francisco the 
stretch from Harrisburg to San Francisco consists 
of 2,500 miles of aerial wire. There are four con- 
ductors in all and these carry two physical telephone 
circuits, one phantom telephone circuit, four earthed 
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telegraph circuits, and a varying number of carrier 
telegraph icircuits ranging from 6 to 20. Between 
Chicago and Pittsburg, a distance of 450 miles, 
eight open-wire conductors carry four physical 
telephone circuits, four halves of phantom telephone 
circuits (equivalent to two cireuits), eight earthed 
telegraph circuits and 37 two-way carrier telegraph 
circuits. That is, a total of 51 circuits are carried 
on eight wires. The carrier circuits are of the type 
which has come to be known as “ wired wireless ” 
and of which a description of the only application'to 
telephone work at present in operation in this country 
is dealt with elsewhere in this issue. 

Complicated conditions of this kind are, of course, 
introduced in order that the expensive long-distance 
lines may be utilised to the fullest possible extent. 
It will be fairly clear, however, that such conditions 
are not likely to be operated at theiy best efficiency, 
or even, perhaps, brought to a condition in which 
they can be operated at all, unless there is some 
unity of control over the whole of the line. As 
mentioned above there are some 40 independent 
telephone administrations in Europe, each naturally 
with its own practice and methods, but if satis- 
factory speech from any part of Europe to any other 
part is to be attained, and Mr. Gill states the matter 
would present no engineering difficulty, a unity 
which does not now exist must be introduced into 
the proceedings of these administrations. Some- 
thing has, of course, been done between contiguous 
countries, and a subscriber in London can now get 
connection with a subscriber in Paris or in any of 
the large French towns, but interconnection over 
Kurope generally in the American sense is simply 
non-existent. . If connection is to be established 
between, say, London and Kristiania, it will involve 
connection through a number of intermediate 
countries, put by Mr. Gill at eight, and it is clearly 
not likely that such communication could ever be 
established unless there were some general directing 
authority exercising control over the whole route. 

it is clear that for admimistrative and ‘financial 
reasons the interworking of the telephone systems 
of all the countries of Europe could not be brought 
about without some unifying authority being 
created, but it is not only financial and administra- 
tive considerations which affect the matter, and one 
of the main points of Mr. Gill's address was that the 
engineering considerations involved equally demand 
this unity of administration. For success such as 
has been achieved in America it is necessary that 
each through line should be treated as a whole, both 
from the points of ‘view of design and maintenance. 
What is done at one place may cause serious reactions 
at another, and itis only by unity of engineering 
treatment that the benefits of present technical 
advances are to be attained. The remarkable 
progress which such unity may bring requires no 
further illustration than that which is afforded by 
the present position in the United States, which 
now has nearly two-thirds of the total telephones 
installed throughout the world and which has one 
telephone to every 7-7 persons, as compared with 
one telephone for every 56 persons in 1900. 

The organisation of any unity of control of the 
long-distance telephone of Europe would naturally 
be a difficult matter, bw: given any real appreciation 
by the peoples and Governments concerned of the 
advantages which such unity might bring, the 
matter should not prove impossible. Mr. Gill 

three methods by which such unity might 
be brought about, and given goodwill thereis nothing 
impossible about any of them. The first is the 
organisation of a long-lines company which would 
take calls from the local originating organisations 
and turn them over to the local receiving organisa- 
tion. The company would naturally have to be 
put in a proper legal position by the various Govern- 
ments concerned. The second proposal is that the 
various Governments should form a commission, 
which would in effect be a private company in which 
all the stock would be held by the Governments 
concerned. Some plan would naturally have to be 
worked out to determine the degree of participation 
of each Government. The third proposal is' fra‘ 
of a temporary nature and is to the effect that the 
various telephone operating authorities should 
form themselves mto an association for the study 
of the matter. Such an association might discuss 
questions of through operation and similar matters, 


and might fix standards of performance which | 


might be made enforceable on members of the 
association. It is obvious that even the least 
ambitious of these proposals would involve much 
arrangement and would encounter many difficulties, 
but none of them are beyond the possibility of 
practical life. Mr. Gill has dealt-with a very im- 
portant subject in an illuminating way, and has 
probably done something towards ‘bringing about 
the reforms which he suggests. He states that he 
is convinced that unity of control over the thro 
traffic must obtain in the end, and if this belief is 
justified it is clear that the sooner a start is made 
the better. 





BRITISH RAILWAY OPERATING 
STATISTICS. 


It is a common saying that statistics may be made 
to prove anything. Equally usual is it, when one 
has succeeded in proving something by means of 
statistics for some one else to come along and say: 
“You mustn’t do that; the figures are not com- 
parable *—and it is nearly always an easy matter to 
find some slight difference of conditions which can 
be argued to nullify the comparison. 

For very many years before the war we had an 
agitation here in favour of ton-mile. and other 
returns being made by the railway companies, 
instead of the regular returns then made to the 
Board of Trade. Now, as one of the: many changes 
imtrodueed ‘by the Ministry of Transport, at con- 
siderable expense, they are provided, and any one 
who runs—and cares to spend 2s. 6d.—may read 
them and is of course at liberty to make his own 
deductions. But if, in order to derive some satis- 
faction from his investment, he gives himself the 
pleasure of voicing these conclusions he will not 
seldom find himself promptly confronted by the 
“expert” of the negative type. The conclusion 
drawn is wrong, but no enlightenment is given as to 
what.the correct one should be. 

In a paper read on Monday last, before the 
Institute of ‘Transport, on ‘“ British Railway 
Operating Statistics and their Lessons.” Sir William 
Acworth raised a warning against this interpretation 
of railway statistics hy the layman. The ordinary 
man cannot understand them, Sir William, quite 
rightly, holds, without expert guidance. Well and 
good. But the question naturally then arises, why 
should money be spent on providing them for the 
man in the street ? 

For the outsider the ground is indeed: dangerous. 
Sir William says that to use them rightly we must 
know the facts behind the figures, have judgment 
to weigh them, with rough accuracy, making 
allowance for difference of circumstances, and then 
only may we make hesitating and tentative com- 
parisons. This does not seem to us a very strong 
defence for the publication of the monthly returns. 
It was at one time argued that the railways were 
under some sort of an obligation, as they owned a 
“monopoly,” to show the public how they were 
conducting their business, and these figures were 
to be put into the hands of the traders to enable 
them to judge to some extent whether they were 
getting a fair deal. But if inside knowledge be so 
necessary the ordinary trader must surely come to 
grief in any attempt to draw up a case based upon 
them against the railways, and if his conclusions be 
at the best only “ hesitating and tentative” they 
are hardly likely to carry conviction when arguing 
@ point. 

Again, the argument was used, when these returns 
were clamoured for, that, by rendering comparisons 
possible, they would stimulate effort towards 
improvement, and for this purpose they may, of 
course, be used by the experts with inside knowledge 
—but, then, why issue them monthly for the benefit 
of the general public? We cannot help feeling, 
after hearing ‘Sir William’s paper that on the whole 
these monthly figures are of much less value than 
it was expected they would prove when they were 
demanded, and the public has had put into its hands 


nkly | a lot of comparatively useless paper. 


A great deal is made always of difference of 
conditions. Tf ‘the average train load of one 
particular railway is compared with the average for 
the country, and it is pointed cut that that ‘line 





has a preponderance of traffic of a particular type, 





Sir William Acworth is careful to point out that 
like must only be compared with like. If we deal 
with two systems exactly similar in all respects, 
as regards traffic, distanees, physical conditions, 
climate and so on, the comparison is allowable. 
But if they differ, allowances must be made. May 
it not be regarded as a little inconsistent, under 
these conditions, for Sir William to occupy more 
than ‘half his paper in making international com- 
parisons ? If conditions mside a country have to 


ugh | be so carefully weighed, what hope will there be of 


deriving much benefit from comparison with coun- 
tries which differ from ours in nearly every matter 
which affects railway traffic. It is true, of course, 
that the wider ‘the basis, the more reliable will be 
the average figure obtained. IH, |however, we are 
to stop at averages, when comparison is made 
between the averages for two countries, it is always 
open to remark ‘that a particular system of one 
country certainly should not be compared with the 
average for another, and we do not get much 
forwarder except upon broad lines of economics. 

It is noteworthy that Sir William confined himself 
in'his paper to practically international comparisons 
and all that he makes could, as far as we can see, 
be proved equally well or better from annual 
returns, as from the monthly returns now published 
by the Ministry of Transport. We do not wish to 
imply that to the railways these monthly figures 
have no value. To the public they are virtually, 
we believe, useless,.and.as Sir William points out, 
their publication ‘virtually puts on the railways 
the onus of educating the public in the matter, in 
self defenee. The particular lessons are lessons 
for the railway transport experts, while the general 
lessons of economics would be equally deducible 
from annual returns, and these would serve for 
broad lines of policy, and the instilling into the 
minds of the younger generation of officials the 
ideals ‘to aim at. While national characteristics 
differ as they do, no stereotyped method of operation 
can ‘be universally applied. ‘The basis of economics 
may be world-wide, but the several countries will 
only approach the ideal in varying degree. Here 
the public expects to get a good share of what it 
persistently asks for, and often economies go by the 
beard in the process. Propaganda work may in 
time curtail this to some extent, and one of the 
advantages of the new returns appears to lie in 
Sir William’s opinion, in the fact that. they will 
constitute in the hands of the companies an effective 
instrument of defence. For this usage annual 
figures would certainly suffice. 





DOUBLE-ACTING TWO-STROKE 
INTERNAL COMBUSTION ENGINES. 


No consideration of the future of internal com- 
bustion prime movers can be regarded as complete 
without a certain amount of deliberation on the 
prospects of an extension of the double-acting prin- 
ciple. The obvious gains in space, weight, and first 
cost which definitely would accrue as a result of 
utilising the expansion of the working fluid on both 
sides of the working piston, are worth determined 
efforts towards establishing such practice. 

All single- acting internal-combustion motors 
suffer, and must continue to suffer, in comparison 
with the average steam engine, primarily on account 
of their failure, so far, and in general, to take 
advantage of double action. It is with mterest 
therefore that we notice the paper read before the 
North-East Coast Institution of Engineers and 
Shipbuilders on Friday, the 3rd inst., by Mr. 
A. E. L. Chorlton, entitled ‘“‘ Working Practice in 
the Design of Large Double-Acting Two-Stroke 
Engines,” in which particulars are given of pre-war 
experience with double-acting two-stroke engines, 
principally gas engines. : 

For small units, the disadvantages of single action 
are not nearly so apparent as when the power 
increases, and therefore experience with double- 
acting engines in actual practice is more or less 
confined to the larger powers, several hundreds of 
horse-power per cylinder and higher, and in this 
paper just mentioned the discussion is limited to 
these engines which worked on the two-stroke 
cycle system. 

It need not again be emphasised that actual results 
in practice with large gas engines, have, in the main, 
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been disappointing, even within those working on the 
four-stroke cycle principle, but particularly so, when 
double impulses were sought after by the adoption 
of the two-stroke.cycle. 

Whilst in Mr. Chorlton’s paper, a number of 
difficulties are mentioned, the treatment in this 
respect cannot be said in amy way to be exhaustive, 
and it is unfortunate in commercial engineering 
that many successes are required to erase the effects 
ef one failure. Sufficient information, however, is 
given, particularly in the illustrative diagrams. Past 
experience seems to point to the conclusion that the 
obstacles cannot be surmounted by the adoption of 
unmechanical expedients, particularly when applied 
to engines of large power. 

In the paper under notice the subject has been 
treated in detail, more particularly in regard to cylin- 
ders, cylinder heads, ‘pistons and piston-rod stuffing 
boxes. The development ofthe cylinder is shown by 
diagrams, culminating in a type having a separate 
liner, in two parts to allow for end play, a separate 
belt for exhaust and the seavenging, and a separate 
jacket. The ports for the inlet of the scavenging 
air and the exhaust of the hot gases are suitably 
rounded to prevent cracks forming. The double- 
acting piston, is similarly treated, and the author 
makes a plea for the use of special material of a 
high conductivity to obviate the necessity of internal 
cooling of the piston ‘by water or oil. When the 
sizes of such prime movers increase, together with 
higher mean pressures and temperatures within the 
cylinder, it is certain that very great progress 
must take place before internal cooling of the 
piston ean be dispensed with. The prime necessity 
for such cooling is to make possible such condi- 
tions of working for the piston rings as to ensure 
reasonable life, although the use of special alloys 
of high conductivity for only moderate powers 
may be successful in dispensing with internal cool- 
ing of the piston. 

The author states that the gear for leading the: 
water in and out the piston is not an unmixed bless- 
ing. A stronger statement than this would be no, 
exaggeration of the facts, and there is no designer 
of internal combustion machinery who would not 
resort to considerable expense in other directions, 
to eliminate these parts, called upon to perform 
exceedingly difficult functions. Six different designs 
of stuffing boxes are shown, and this difficult part 
of the whole problem of double-acting internal 
combustion engines has been somewhat fully 
treated. Provided the piston rod can be kept 
reasonably in line, and except with the duplex 
type of engine where two piston rods are attached! 
to the same crosshead, it is not seen why there 
should be—with vertical engines at any rate—any 
great difficulty in maintaining a sufficiently accu- 
rate alignment. With modern practice, in respect 
ef metallic packing, and increased knowledge 
of suitable materials, which is now available, it 
can be stated, with a fair degree of optimism, 
that this particular problem should not be one of 
the most difficult to solve completely. Albeit, 
with the high pressures and temperatures of internal 
combustion and the difficulties of dealing with car- 
bonised oil, a somewhat elaborate design of stuffing 
box in comparison with the usual steam arrange- 
ments would be called for. 

Whilst the problem of the utilisation of the waste 
heat in the exhaust is not peculiar to large two- 
stroke cycle double-acting engines, yet interesting 
remarks on this subject are comprised in Mr. 
Chorlton’s paper, and there is no doubt that the 
next few years will witness considerable develop- 
ments on board ship in this direction, since with 
the motor ship the problem of heating the ship and 
running the few auxiliaries, which are required 
at sea, is one of real importance. If sufficient of 
the waste heat contained in the exhaust of the 
main internal combustion engine, when running at 
sea, can be utilised to generate sufficient steam for 
these purposes not only will economy of fuel result, 
this being probably the smallest saving, but sim- 
plification of the machinery arrangements and lesser 
first cost will be important gains. 

We are not aware of any really sound experimental 
work hawing yet been undertaken on. this subject, 
but we are conwinced that considerably better 
results ean be achieved than 1} to 2 Ibs. of steam 





generated per brake horse-power of the main engine 


mentioned in Mr. Chorlton’s paper. 

From the marine point of view, subsidiary means 
must be provided for generating steam when the 
main engines are running so slowly that the heat 
contained in the exhaust is insufficient for the 
limited purposes in view, or when in port, and it is 
open to question whether this problem would not 
be better attacked, at any rate, in the meantime, 
by having two separate means of raising steam, 
firstly, an exhaust steam raiser of the very best 
form for utilising the heat in the main engine 
exhaust gases, and secondly, a small boiler with an 
oil burner, to be used if, and when, necessary at sea 
and always at port. 

For the moment, consideration in this matter can 
be confined to the heating of the ship, the driving 
of the one or two auxiliaries necessary at sea. The 
working of the winches, capstan, and so forth is 
another problem, which has to be separately legis- 
lated for, as to whether these are to be steam or 
electrically driven. In general Mr. Chorlton’s 
paper is a record of certain past experience with 
double-acting two-stroke gas engines, and as such 
is a contribution of value to the literature of the 
history of internal combustion engineering. 





MOTOR CAR PRODUCTION AND 
PROGRESS. 

THe period during which fundamental changes 
in the design of the mechanical equipment of motor 
cars might be made has long passed, and the industry 
has now settled down to the mass production of 
machines of which the reliability is beyond question. 
A visit to the Motor Show organised by the Society 
of Motor Manufacturers and Traders, at Olympia 
and the White City, which was opened on Friday 
last, and remains open until Saturday, Novem- 
ber I1, brings to mind the changed outlook of to-day 
compared with that of the introduction of the 
reliability trials by the Royal Automobile Club 
and its sister organisation, the Royal Seottish 
Automobile Club. In those times, and'they are only 
a few years ago, troubles of a similar character 
were observed with numbers of cars in each event. 
Progress went on from stage to stage, and faults 
shown in the majority of cars of any given year 
became less and less noticeable in the later trials. 
The most numerous faults of badly-proportioned 
gear ratios to the engine power, especially the 
lowest gear, which was almost invariably too high, 
was partly eliminated when another objectionable 


characteristic took first place in the catalogue: 


of troubles. Faulty cooling systems, troubles with 
lubrication and defective brakes all had a year or 
so of supremacy. In those early days engineering 
progress in motor ear work made rapid strides, 
and a show provided the means of comparison of 
totally different solutions of the problems in design. 
To-day the motor car is in the position of a standard 
article of manufacture, of which the present form 
and the design of the component parts have been 
arrived: at after much experimental work and after 
long testing in that greater laboratory, the open, 
road, where the handling was sometimes severe. 

There are many stages in the development of 
any machine from the first production of a work- 
able design to the manufacture in bulk as a standard 
article. Once the main difficulties have been 
overcome, as is the case with motor car design and 
manufacture, there are roughly two different lines 
on which the manufacturer works. The first system 
is to go over the design in detail to reduce the 
manufacturing costs, and then to put down a well- 
proportioned and complete equipment to turn out a 
specified number of complete units each year. 
The other method is to make use of general machines, 
to a greater or less extent, and proportion the output 
of the works to the process which is least productive, 
then increase the number of machines on that 
process and transfer the lack of balance in pro- 
duction to some other item in the scheme. There 
can be no doubt that a works designed for the output 
of one model only, and with the machines designed 
for the production of the parts in balanced pro- 
portions to each other will give the lowest cost per 
unit. 

American motor car practice has always been 
that of mass production of one standard model. 


The consequent low price at which the car can be 
marketed has led to an extented use. In our 
own country the policy of endeavouring to produce 
any type or size of car with machinery mostly of a 
very general type, has prevailed. We hear a great 
deal of talk about mass production by the personnel 
of British firms, but the phrase must have meanings 
quite different from those of its American use. 
While British makers continue to manufacture four 
or five models in a single works and produce a few 
thousand cars each year, the cost of production 
of each must be high. ‘Not content with such a 
condition, the multiplication of works under the one 
ownership or control is followed by a continuance 
of the old order of things and each works continues 
to produce its many models. HH each maker con- 
tented himself with the manufacture of a single 
model and put down a plant expressly for the 
manufacture of that one job, the cost of cars could 
be considerably reduced. The introduction of 
single-purpose tools throughout such a factory is 
an essential in economic production. 

The field of operation of the cheap American 
motor vehicle is extending almost daily. Appearance 
is not such an important consideration to the user 
of such a vehicle as the ability to get to a pre- 
determined spot in a time that can be estimated. 
A reasonable degree of reliability, combined with 
the possibility of procuring spare parts in any 
district, is the main requirement. To anyone who 
looks for a British alternative to the American 
vehicle the Motor Show will again prove a dis- 
appointment. 

That the British manufacturers can adapt them- 
selves to changed economic conditions is apparent 
to all who visit the exhibition. Firms who have 
built up good reputations for heavy, high-powered 
and expensive cars are now actively engaged in the 
production of lighter and cheaper models, This 
tendency towards the light car is perhaps the most 
marked feature of the exhibition. There seems to be 
little uniformity of outlook on the question of what 
constitutes a light car. Some are little better than 
what would be obtained by merely replacing the 
engine by one of lower power, while others, and by 
far the major number, are completely new designs. 
The elimination of unnecessary weight, in the 
engine, transmission gear, and equipment, is the 
main problem in design, but there are many heavy 
parts of the mechanism which can be reduced or in 
some cases done away with altogether, for their use 
is small, except as a talking point for a salesman. 

The production of models with a cylinder capacity 
of 2 litres, which gives about 12 h.p. to 14 h.p., 
seems to be very popular. Such an engine is 
capable of performing most of the work required 
from a four-seater car at a fair speed. 

A marked increase in the use of overhead valves 
is shown, but comparison with recent exhibitions 
shows the same lack of uniformity of outlook on 
such questions as the number of gears and the type 
of springs adopted. The excellent coachwork for 
which our country is famed is shown on the stand 
of almost every British firm, and many good 
examples of the work of continental firms are also 
to be seen. 

The great reductions in the prices of the various 
cars are indicative of the decrease in production 
costs and the attempts of the firms to keep up their 
output and so reduce the losses incurred through 
idle plant. The range of prices runs from 2,250I. 
down to 1501. One-half of the cars shown cost 
5001. or less. The actual change in price of the 
cheaper models is not the only alteration, for in 
most cases decided improvements in construction 
have been made. 





THE VALUE OF LOCK-OUTS AND 
STRIKES. 

TuE value to any party, direct or indirect, of 
lock-outs and strikes is very hard to appraise in 
precise terms. Jt is sometimes claimed that as a 
strike has resulted in an increase of wages, it has 
therefore been successful, no account, however, 
being taken of the wages lost during the period 
of idleness, nor of the loss of trade occasioned 
thereby. This subject formed the topic of Lord 
Askwith’s inaugural address delivered at the eom- 
mencement of the 169th session of the Royal Society 
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of Arts on Wednesday last. Few people, ali will 
admit, are as well versed in the labour developments 
in this country as Lord Askwith, and his review of 
the social movements of the last one hundred years 
is very interesting. Lord Askwith considered most 
of the important strikes and lock-outs which have 
occurred during this period, and attempted to show 
what the gain or loss was in each case. The gain is 
very small at the best, and in most cases it is 
negative without doubt. 

It is impossible to arrive at any financial value, 
and this Lord Askwith did not attempt. Rather, 
in the perspective of time, did he attempt to 
mark proximate effects on subsequent events. In 
some cases it is pointed out that efforts on both 
sides were wasted, and nothing tangible resulted 
from a dispute, to either side. In other cases 
strikes failed, and in others brought with the final 
terms rather unexpected conditions. In still other 
instances the effect was most felt a long while 
subsequent to the dispute. Actual progress in 
development was due fifty or so years ago, Lord 
Askwith considered, much more to the efforts of 
men who aimed at equality before the law, and the 
treatment of violence as part of the general criminal 
law, than to any practical value of strikes and lock- 
outs. In 1867 before a Royal Commission a union 
leader stated that they believed all strikes were a 
complete waste of money, not only to the men, but 
to the employers. Since then there have always 
been a few independent leaders who have warned 
the unions against precipitating strikes, but too often 
more advanced opinion has carried the day for the 
time being. Subsequent history has frequently 
proved, however, the incorrectness of the latter 
form of leadership, the result of which has not 
seldom been that nothing has been gained, while 
the union funds have been exhausted. 

Commenting on the strikes since the war, Lord 
Askwith fails to find that they have anything to 
show in support of such action. On the other hand, 
they have had negative results in developing an 
extreme dislike to any idea of nationalisation, and 
have led to a suspicious attitude towards Govern- 
ment interference. They have impressed upon the 
country the disastrous waste occasioned by sym- 
pathetic strikes, and the futility of so-called “ direct 
action,” and have developed a strong feeling against 
dictation by any section of the country. 

Lord Askwith closed his address by reference to 
the relatively small advance made compared with 
the enormous sums spent in disputes, and brought 
together figures showing the great loss of productive- 
ness occasioned by the disputes since the war. At 
a time when expenditure has been much higher 
than the country could properly stand, and when 
every effort was necessary to pull the situation 
round, strikes have crippled our industry to such an 
extent that in three years nearly 39 per cent. of the 
working days were lost, while prices and national 
expenditure continued to increase. For the moment 
the situation is perhaps easier, but we are suffering 
severely from unemployment, which is one of the 
legacies of the unsettled state of the past three 
years. Fortunately there are now signs that the 
recent enterprises of the advanced labour school 
have not altogether commended themselves to the 
country, and that the majority of the people would 
rather hasten slowly than be rushed off their feet. 
We hope these signs may be correctly read, and that 
in the future more recourse may be had to honest 
and peaceful negotiation. 

The inconsistency of Labour is rather remark- 
able in the way in which it invokes the aid of 
strikes in industrial matters while in politics it 
supports the League of Natious which is based upon 
negotiations and covenants. The articles of the 
League insist upon inquiry and arbitration, ‘and 
penalise parties which cause a rupture in face of 
the action of the Council, but Labour is unwilling 
to see such methods applied to itself in industrial 
affairs. 











IGNITION FOR MOTOR CAR ENGINES. 

Ir is frequently the case that when tests must be 
made to prove the suitability of any design of plant 
for its specific purpose, performances under actual 
working conditions must be studied for very long 
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it may be possible to provide artificial conditions of 
working, separate from the useful employment of 
the plant which would provide a wealth of informa- 
tion in a comparatively short period. An interesting 
example of this nature was referred to by Mr. T. D. 
Morgan, M.Sc., in a paper on “ The Duty of High 
Tension Ignition Apparatus,” which he read on 
Tuesday last, November 7, at a meeting of the 
Institution of Automobile Engineers in London. 

It is not the size of the spark gap that is the most 
important factor in the design of ignition apparatus, 
but the magnitude of the insulation resistance. In 
discussions on spark production for ignition purposes 
there is always present the considerable difficulty 
of defining exactly the conditions for effective 
ignition, There are so many variable conditions 
affecting the actions, and these have been so little 
investigated that exactness of definition of what is a 
“ sufficient spark ’ is impossible. An electric spark 
at an ignition plug consists of a very luminous 
core surrounded by a less luminous flame. These 
separate parts are referred to as the capacity and. 
inductance components of the spark. 

Two fallacies which are largely prevalent are that 
the rate of inflammation depends on the magnitude 
or “fatness”’ of the spark, and the other that the 
whole of the thermal energy of the spark is available 
and useful in the ignition process. The resulting 
increase in power which is sometimes found when a 
larger spark is used is frequently believed to be due 
to an increased rapidity of combustion. The 
function of the spark is limited to ignition, and the 
development of the flame after ignition is quite 
independent of the spark, but the issue is often 
obscured due to the fact that the change which 
produced the “ fat’ spark is the introduction of a 
spark-generating apparatus of such a capacity as 
to overcome the plug insulation resistance and 
eliminate or materially reduce the number of mis- 
fires. The whole thermal energy of the spark 
cannot be utilised in ignition because the spark is 
not only composite in character, but the inductance 
component lags behind the capacity component, 
which it has been demonstrated is the more active 
in causing ignition. 

Insulation resistance is reduced by the deposits 
on the plug resulting from combustion or conden- 
sation, and this action lowers the electrical pressure 
available at the plug electrodes for any given current 
in the primary winding of the ignition apparatus. 
The external auxiliary gap arranged in series with 
the plug is sometimes advocated as a means of 
enabling the spark generator to overcome leakage, 
but with series gaps of such dimensions as may be 
used with any ordinary system of ignition, the claim 
seems to be only acceptable to the credulous. The 
parts of any ignition system should be properly 
proportioned to the duties in the complete action, 
and users should recognise this before tampering 
with the system and changing the work to be per- 
formed by the spark generator. 

An effective way of performing a utility test 
of a spark generator is to make it operate with a 
standardised’ gap, which is connected in parallel 
with a standardised leak. Mr. Morgan performed 
a number of demonstrations at the meeting, with 
a standard gap and a leak made by having two metal 
electrodes in a glass tube filled with methylated 
spirits with a small addition of methyl orange. 
The top electrode could be raised and lowered to 
alter the leak. The demonstration brought out 
with emphasis the differences in the properties of 
magneto and coil ignition under slow and high 
speeds of running. 

With a magneto the small primary current at the 
time of interruption when running at slow speeds, 
produces a low sparking voltage. With increase of 
speed the primary current in a magneto con- 
tinuously increases until a maximum is reached at 
some high speed. The value of a magneto as a 
spark generator therefore increases as the speed is 
ra 

The ignition coil system is of greatest value at 
low speeds, and the sparking voltage produced, 
diminishes continuously with increase of s 
unless some special provisions are introduced to 
maintain constant conditions at all speeds. 

Mr. Morgan’s paper shows that means can be 





periods to obtain the required information, whereas 


devised to compare different systems of spark 





generators in a rational way with similar conditions, 
and it is hoped will act as an incentive to investiga- 
tors for ignition problems are many, and there is 
considerable scope for research work. 





NOTES. 
Tae InstirvuTe or Marine ENGINEERS. 

OPTIMISTIC views as to the future of shipbuilding 
and marine engineering in this country were ex- 
pressed by most of the speakers at the annual-dinner 
of the Institute of Marine Engineers held at the 
Hotel Cecil, on Friday, the 3rd inst. The president, 
Engineer Vice-Admiral Sir George Goodwin, occu- 
pied the chair, and in proposing the toast of the 
shipbuilding and engineering industries, remarked 
that there were plenty of inquiries for new ships, 
but that present prices were too high and added 
that he thought that much could be done towards 
reducing them. Owners, at the present time, were 
particularly interested in the economical operation 
of ships, and were always looking for improvements 
in machinery. For the higher-powered vessels, 
Sir George remarked, steam would hold its own, but 
for lower-powered ships, among which were included 
large numbers of cargo-carrying vessels, there was 
a great future for the oil engine, particularly in 
combination with electric transmission. Mr. J. H. 
Scrutton, chairman of Lloyd’s Register, in respond- 
ing to the above-mentioned toast, also expressed. the 
view that the industries would be re-established in 
the primary position they held before the war, and 
Sir Eustace H. T. d’Eyncourt, who proposed the 
toast of “The Mercantile Marine and Overseas 
Dominions,” referred to the existence of a large 
number of old ships which it would be necessary to 
replace with more efficient vessels as soon as trade 
conditions improved. He added, however, that 
everything possible would have to be done to reduce 
the cost of production. Appreciative reference to 
the work of the chairman while he was associated 
with, or in control of, the engineering policy of the 
Navy, was made by Commander Sir Trevor Dawson, 
Bart., but as we dealt at some length with the 
developments during that period on the occasion 
of Sir George Goodwin’s retirement (see page 623 
of our last volume) it is unnecessary .to cover the 
ground again now. The dinner, which was attended 
by nearly 700 members and guests, was a highly 
successful function in every way, and all concerned 
with its organisation are to be congratulated 
upon the results. 


Tue Society ofr Motor MANUFACTURERS AND 
TRADERS. 


The opening of the Motor Car . Exhibition at 
Olympia and the White City, organised by the 
Society of Motor Manufacturers and Traders, was 
celebrated by the annual dinner of the society 
in the Connaught Rooms, on Thursday, November 2. 
Nearly 500 members and guests were present, 
presided over by Lieutenant-Colonel J. A. Cole, 
the president of the society, who was supported 
by Sir Henry Maybury, Sir Arthur Stanley and 
others well known in connection. with motoring 
and kindred matters. The toast of “The Motor 
Industry ” was proposed by Sir Arthur Stanley, who, 
after congratulating Sir William Joynson Hicks on 
his selection for office under the new Government, 
referred to the growth of the motor industry during 
the last quarter of a century, and illustrated the 
extraordinarily wide range of interests covered by 
the society. The chairman, in replying, expressed 
the hope that the darkest days of the industry had 
now passed, and quoted the President of the United 
States of America as saying that the motor car had 
ceased to be a luxury and had become “ an indis- 
pensable instrument of social, industrial and 
domestic life.” The society, in spite of so many 
of its members being interested in the sale of foreign 
cars, had voted a grant of money to ensure that the 
British motor industry should be adequately housed 
in the British Empire Exhibition in 1924. With 
regard to legislation, Colonel Cole wished rather to 
digest what we had than to demand more. Re- 


peed | ferring to legislation regarding headlights, he said 


that motorists as a body did not wish to be a 
nuisance to other road users and would gladly fall 
in with any reasonable regulations, but if the 
motorist had to do without strong headlights, it was 
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essential for the safety of everybody that all vehicles, 
and especially bicycles, should be compelled to show 
rear lights. The taxation of cars according to 
their rated horse-power ought to be abandoned in 
favour of some system of taxation which would 
differentiate between the man who only used the 
roads for 500 miles in a year, and the man who drove 
40,000 miles in the same time. Motor taxation 
Colonel Cole considered was too high in this country, 
and he gave figures indicating that British motorists 
paid something like eight times the taxes of those in 
the United States. The effect of high taxation on 
retarding the motor industry was felt in other 
industries, for 19 tons of coal had to be mined and 
consumed to produce one motor lorry. 


WESTMINSTER Hatt Roor. 


On Friday last a very interesting lecture was 
delivered before the Institution of Mechanical 
Engineers, by Sir. F. Baines, on the work which has 
been going on for many years in connection with 
the preservation of Westminster Hall roof. This 
work was decided upon and commenced as long ago 
as 1914, and has been proceeding ever since, having 
been kept going, though at a very slow rate, through- 
out the war. The plan adopted for the preservation 
of this historic structure was so fully illustrated 
and described at the time the work was commenced* 
that we need not go into details of the scheme. We 
suppose that objections would probably have been 
raised to practically any scheme of preservation, 
and although one must regret that this great work 
of the fourteenth century has had to be handled in 
this way, it must be admitted that the plan adopted 
appears on the whole to be the least objectionable 
of any. In the course of his lecture Sir F. Baines 
pointed out that the decay, owing to the ravages of 
the Xestobium tessellatum, proved on detailed 
examination to be so great, that if it had been 
decided to renew the damaged parts almost the 
whole structure would have been replaced in the 
course of the repairs, and the historic value would 
have been lost. Further, Sir Frank showed that 
the large timbers which would have been required 
simply did not exist in the country to-day, so that 
work on these lines was impossible. In place of this 
it was therefore decided to adopt a composite scheme, 
introducing concealed steelwork trusses and repairing 
the damaged woodwork where necessary, at the 
same time treating the whole in order to prevent 
further ravages by the Xestobium. If one concedes 
this as the best method of preserving under the 
circumstances what is possible of the original, one 
will ungrudgingly admit that the work has been 
most excellently carried out, with the greatest 
care and reverence of the masterpiece of Hugh 
Herland, which as a timber structure has stood 
so long without rival of any kind. The work has 
fortunately been made the occasion for removing 
a system of iron tie rods, timber struts, &c., which 
formed no part of .the original structural design, 
and though the present plan, which it is hoped will 
be completely carried through by next spring, re- 
introduces metal members, we have the satisfaction 
of knowing that the” latter constitute virtually 
independent structures, and have been introduced 
scientifically with the object of relieving the ancient 
timbering, so that, though past its really useful life, 
it may still be preserved in as healthy old age as 
possible. Sir F. Baines’ lecture was excellently 
illustrated by lantern views, models, diagrams, &c., 
and was intensely appreciated. The meeting closed 
with a hearty vote of thanks, proposed by Captain 
Sankey and seconded by Mr. L. St. L. Pendred, 
being put to the members in a few appropriate words 
by Dr. Hele-Shaw. Needless to say, the vote was 
passed with enthusiasm. , 


Tue THEORY OF THE AIRSCREW. 


In a paper read before the Royal Aeronautical 
Society on Thursday, the 2nd inst., Major A. R. 
Low gave an interesting account of the development 
of the Lanchester-Prandtl theory of the action of 
aeroplane wings and airscrews. In this theory, 
which we believe was first put forward by Mr. F. W. 
Lanchester in his Aerodynamics, published in 1907, 
the lift of an aerofoil is attributed to the existence 
of a circulation component of air velocity around 





* Exorreerma, vol. xcvii, page 867. 
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the aerofoil. Seen end-on, and with ‘the aerofoil 


moving towards the left, the circulation component 
would be clockwise. Little attention appears to 
have been given to the theory in this country, and 
its subsequent development seems to have been 
left mainly to German workers. Kutta, for instance, 
showed that a circle with stream lines past it and a 
circulation round it, could be conformably repre- 
sented by an arc of a circle under corresponding 
conditions, and subsequently showed that a com- 
bination of the two forms of flow would give rise 
to a reaction at right angles to the direction of the 
undisturbed uniform flow. This was extended to 
wing-form sections by Joukowsky ; and Blumenthal, 
using Joukowsky’s assumptions, calculated the 
pressure distribution over a wing surface, obtaining 
results in remarkably close accord with Betz’s 
wind-tunnel observations. In Major Low’s paper, 
he suggested a mechanism by which the circulation 
might be set up as follows: At the face of the wing 
there is viscous friction between the wing and the 
adjacent air, which is proportional to the velocity, 
giving rise to a reduction in speed at the lower 
surface, this being equivalent to the effect of a super- 
posed circulation. On the upper surface, he modi- 
fies Joukowsky’s flow by assuming that a Helmholtz 
sheet of separation tends to form, and suggests 
that the layer of air between the Helmholtz sheet 
and the wing acts as a sort of lubricant, offering less 
retardation than the direct contact of the stream 
with the lower surface. What circulation it does 
set up is opposed to the action of the under surface, 
but, at the same time, the two sheets of separation 
dissipating in eddies seem to be equivalent to a 
circulation in the same sense as that set up by the 
under surface. It is assumed throughout that the 
fluid at a sufficient distance from the aerofoil acts as 
if it were non-viscous. We must confess to some 
diffidence in accepting the suggested mechanism 
without further experimental evidence. The 
Joukowsky method has been extended to wings of 
finite aspect ratio by Prandtl by the application of 
Lanchester’s conception of vortices trailing from the 
wing tips and modifying the apparent angle of 
incidence. In this respect, the calculated effects 
for different aspect ratios agree most satisfactorily 
with experimental observations. More interesting, 
perhaps, is the application of the theory to airscrews, 
which Major Low refers to in his paper. Expound- 
ing Prandtl’s views, he points out that if the blades 
of an airscrew act substantially as aerofoils, circula- 
tion will be set up round them in the same way, and 
trailing eddies will be generated at the tip and root 
of each blade. The eddies at the roots, being all 
of the same sign, will combine into a single eddy 
extending from the boss, while the others, leaving 
the tips in the direction of the blade path through 
undisturbed air, will form a spiral cone. Direct 
experimental evidence of the existence of these 
eddies, at least in the case of a screw working in 
water, is to be found in Flamm’s experiments, 
Photographic records of these experiments in which 
the eddies from the boss and blade tips are very 
clearly shown, were reproduced in ENGINEERING, 
Vol. 87, on page 810. Work on the application of 
the theory to practical problems of aerodynamics is 
proceeding, but as yet appears to be insufficiently 
advanced to be usefully summarised. We should 
add, in conclusion, that Professor L. Bairstow, 
speaking in the discussion of Major Low’s paper, 
expressed the view that the Prandtl theory was not 
sufficiently well established to justify the abandon- 
ment of the older aerofoil theory, and pointed out 
that the former did not cover the phenomenon of 
stalling. He added that to obtain a complete 
solution, a start must be made from Stoke’s equa- 
tions of viscous fluids, 





WIRED-WIRELESS TELEPHONY BY 
THE POST OFFICE. 


Ir is not generally known that the General Post 
Office has had a “ wired-wireless” system of 
telephony in commercial use between London and 
Bristol for over a year. Indeed few engineers 
except those directly concerned with the develop- 
ments of telephony have any clear idea as to what 
is meant by “ wired-wireless.” The name, is a 
deplorable one, and the alternative of “ carrier- 
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wave telephony ” is almost as bad, for the latter is 
equally applicable to the continuous-wave system 
of radio-telephony, or “ broadcasting,” which is a 
totally different kind of transmission. The litera- 
ture of the subject is scanty and mostly confined to 
ephemeral publications, and we have looked in 
vain for any reference to it in the imposing 
*‘ Dictionary of Applied Physics,” published within 
the last few months, although telephony and tele- 
graphy of every other kind are treated at length 
in the volume. Nevertheless, what we shall call 
wired-wireless, for want of a better name, has been 
used to a considerable extent in the United States, 
and would no doubt have found more extended 
application in this country had the physical condi- 
tions of our lines been similar to those prevailing 
on the other side of the Atlantic. 

To explain briefly what wired-wireless telephony 
is, is not a very easy matter. Ordinary telephony, 
as everybody knows, is effected by means of a 
continuous electric current which is strengthened 
or weakened by the transmitting instrument in 
accordance with the sound waves which impinge 
upon the diaphragm. The current is thus changed 
from its steady value into an irregular series of waves 
or pulses which act upon the receiving instrument, 
and reproduce there sound waves similar to those 
which caused the irregularities of the current. The 
frequency of the current waves will, of course, 
correspond to the pitch of the voice of the speaker, 
and will vary between about 300 and 2,000 per 
second. Superimposed upon these are the higher 
harmonics which distinguish the sound of one 
person’s voice from that of another, these harmonics 
rippling the fundamental waves with smaller waves 
of frequencies up to perhaps 10,000 per second. 
While all this is going on it is possible to add to the 
circuit a high-frequency alternating current, and 
if the frequency is high enough for the corresponding 
sound waves to be beyond the highest pitch to which 
the human ear is sensitive, no sound corresponding 
to this current will be heard in the receiver. There 
would be no object in doing this, were not something 
further possible. The inaudible high-frequency 
current, or carrier wave, as it is termed, can be 
modulated by a low-frequency disturbance, so that 
some groups of its otherwise regular waves are 
increased in amplitude and other groups diminished. 
In other words, it can be made irregular in much 
the same way as the continuous current was made 
irregular by the action of a telephone transmitter, 
and can therefore be used in the same way to re- 
produce speech. More even than this is possible. 
Several carrier waves of different frequencies can be 
flowing simultaneously in a circuit, each carrying 
its own low-frequency speech modulations, without 
interfering either with one another or with the 
ordinary telephone current travelling along the wire. 

It must not be imagined that the wires used for 
transmitting wired-wireless are behaving as if they 
were virtually the extension of an ordinary trans- 
mitting aerial. This is not the case at all, for an 
aerial system can only act if it is tuned with the 
requisite inductance and capacity so as to oscillate 
electrically at the frequency corresponding to the 
wave-length employed. The transmission lines for 
wired-wireless are not tuned and do not oscillate 
electrically. This is shown by the fact that they 
can carry simultaneously carrier waves of different 
frequencies. The absence of oscillations tends to 
prevent the radiation of waves similar to those 
which it is the function of an oscillating aerial to 
transmit broadcast, so that the privacy of wired- 
wireless is equivalent to that of ordinary telephony. 
Consequently also, the power required for wired- 
wireless transmission is insignificant in comparison 
with that used for ordinary wireless, though it is 
somewhat greater than that required in ordinary 
telephony. We believe that the power used in the 
100-mile London-Bristol transmission is of the 
order of 20 watts only. The extension of the wired- 
wireless system in this country is limited by the fact 
that at present there are difficulties in using it on 
underground cables. One rather curious feature in 
connection with it may be mentioned, namely, that 
it is practically unaffected by an “ earth” on the 
line, which would very seriously impair ordinary 
telephonic communication. 

The existence of wired-wireless and ordinary 
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wireless communication as a factor in our daily life 
was brought home to the general public by a very 
remarkable demonstration at tle Regent. Street 
Polytechnic last Friday evening, for the organisation 
of which Major T. Worswick, the Polytechnic 
Director of Education, and the Engineering Depart- 
ment of the Post Office were jointly responsible. 
It is, we think, a new departure for any Department 
of. State to explain to a popular audience the 
technical. developments it has achieved, but the 
example of the Post Office is one to be followed, 
not only on.aecount of its great educational value, 
but also for its usefulness in making the public 
realise what its officials are doing. The chair 
at the meeting was taken by Mr. F. J..Brown, C.B., 
C.B.E., Assistant Secretary to the Post Office. The 
chief features of the evening were a lantern lecture 
on “ Recent Developments in Radio Telegraphy and 
Telephony,” by Mr. E. H. Shaughnessy, M.T.E.E., 
O.BLE., of the Wireless Section of the General’ Post 
Office, and an address by the Lord Mayor of Bristol 
transmitted from that city to London by wired- 
wireless and broadcasted in London by the Marconi 
Company. Mr. Shaugtinessy dealt with his subject 
in an elementary manner, as he had been requested 
to, but he gave an excellent outline of the progress 
made during the last quarter of a century, his 
explanations of the action of the thermionic valve, 
both as receiver and transmitter being admirably 
clear. Among the illustrations thrown on the 
screen were views of the great Post Office wireless 
installation at Leafield, which maintains a daily 
news service with Halifax, Nova Scotia, a service 
which is regarded by Americans as the fastest 
transatlantic service in existence. 

The hall, which has accommodation for about 
350 people, was packed, and the Post Office engineers 
had provided every seat with a pair of telephone 
receivers connected by flexible cords to the chair 
in front. In addition to this there was a “ loud 
speaker ”’ in the corner of the hall, but we are unable 
to report favourably on its performance. After 
the termination of Mr. Shaughnessy’s lecture, the 
audience listened to a short speech by Sir William 
Noble, late chief engineer to the Post Office, and 
now chairman of the slowly-evolving Broadcasting 
Company. This speech was broadcasted from 
Marconi House and served to introduce to the 
audience the Lord Mayor of Bristol, who then 
delivered an address to the meeting. The Lord 
Mayor spoke in an ordinary telephone in his own 
house. The message went thence through the 
Bristol exchange to the outskirts of the city, just 
as any ordinary telephone message would do. It 
was then automatically transferred as a wired- 
wireless message to an overhead telephone line 
between Bristol and Paddington while the line was 
in use for its normal service. At Paddington it was 
automatically reconverted to an ordinary telephone 
current, and as such was switched through to 
Marconi House in the Strand. Here, again auto- 
meti¢ally, it was made to actuate a broadcasting 
transmitter, and could be picked up as a radio- 
message by anyone within range. It was broad- 
casted with a power of 1-5 kw. on a 360-m. wave- 
length, and judging by results previously obtained 
could have been heard as’ far as Gothenburg and 
Berlin by stations equipped with suitable apparatus. 

The reason for the ordinary telephonic trans- 
mission within the confines of Bristol and London 
was the desire to avoid underground cables for the 
wired-wireless message. It, however, afforded an 
opportunity of demonstrating the transmission of 
speech over a highly complex cirouit, comprising 
ordinary telephony, wired - wireless and radio- 
telepliony in’ series; Every word of the Lord 
Mayor’s speech could’ be heard loudly in the tele- 
phone-receivers at the Polytechnic, and it was 
listened to with the greatest interest, for the Lord 
Mayor wisely confined himself to an account of the 
historical and' commercial features of his city and 
avoided all tedious platitudes on the marvels of 
science or the future of civilisation, The repro- 
duction suffered in’ quality by reason of the high 
amplification required to furnish energy for so large 
a number of telephones, and’ at times telegraphic 
messages in’ Morse could be heard’ simultaneously 
with the speech. They were not insistent enough 
to cause bad interference with the telephony, and 
were no doubt due to want of sharpness in the tuning 


of certain spark-transmitting stations on both 
sides of the channel, which were nominally working 
on some not very dissimilar wave-lengths. We are 
assured that the Morse was certainly not picked up 
by the land lines acting as an aerial, but could only 
have got into the system at the broadcasting stage. 

In order to make clear how ordinary telephony 


LF Bridge 


audience at the Polytechnic dispersed’ the “ loud- 
speaker” was tuned in to the wave-length of some 
Morse which happened to be passing, and it repro- 
duced this in tones of impressive loudness, and’ so 
recovered some of its reputation. The meeting 
lasted from 6 p.m. to 8.30'p.m., and the proceedings 
held the attentive interest of the audience to the end. 
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is converted to wired wireless and vice versa 
we reproduce in Fig. 1, annexed, a diagram of 
connections kindly given us by Mr. Shaughnessy, 
which illustrates the method adopted in the London- 
Bristol transmission. The upper part of the 
diagram shows the apparatus engaged’ in trans- 
mission, and the lower part that used'in receiving 
the wired-wireless signals. The leads shown pro- 
jecting horizontally to the left come from the 
telephone exchange, and bring the ordinary low- 
frequency telephonic speech current to the carrier- 
frequency, or wired wireless, apparatus. At this 
point the line is balanced’ so as to avoid incoming 
speech going into the part of the apparatus for 
receiving speech from the other end: Having 
passed the balancer the speech current goes through 
the primary of a transformer marked T on the 
diagram. It will be seen that the secondary 
winding of this transformer is connected to the 
grid-circuit of the control valve C.V. The plate 
circuit or anode circuit of this valve is arranged 
in parallel with the anode circuit of the high- 
frequency oscillating valve O.V., which generates 
the carrier wave. The action of the speech currents 
on the grid of the valve C.V. is to cause fluctuations 
of the grid potential, and thus vary the resistance 
of the anode-filament path of this valve. As the 
two valves are fed with high-tension current through 
a choke-coil which tends to keep a constant current 
supply from the battery, these fluctuations in re- 
sistance of the control valve will cause corresponding 
fluctuations in the amount of current supplied to 
the anode circuit of the generator valve. The 
high-frequency oscillations are thus modified in 
amplitude in exact response to the low-frequency 
speech current. 

The carrier wave frequency in one direction on 
‘the London-Bristol line is 16,000 per second, and 
lin the other is 21,000 per second. This enables the 
balancing arrangement between the transmitting and 
receiving circuits at each end of the line to be made 
even more effective by selective tuning, so that 
each will fail to respond to any speech which may 
jhave escaped the balancing apparatus. The action 
of the receiving apparatus is the converse of that 
of the transmitting apparatus and! will readily be 
followed from: the deseription of: the latter. 

At the conclusion of the transmission from Bristol, 
jthe audience at the Polytechnic had the pleasure 
of listening to a vocal and instrumental concert 
broadcasted: by the Marconi Company. Following 
ithis, Major Worswick made a short speech from 
‘Marconi House, concluding with an appeal te 
leveryone througliout the country who had “ listened: 
in” to the Marconi convert, to make a contribution 





‘towards the needs of the hospitals. Just before the 





Great credit is due to the Post Office officials, the 
Marconi Company, and all others concerned in what 
was probably one of the most striking demonstra- 
tions of telephony which has ever been given. 





Wrretess WraTHer Manvan.—Many persons pos- 
sessing wireless receiving sets and. others, to whom. the 
weather is a matter of great i , will be interested 
in a pamphlet recently issued by the Air Ministry entitled 
the “Wireless Weather Manual,” and intended as a 
guide to the reception and interpretation: of weather 
reports and: forecasts distributed by wireless telegraphy 
in this country. The pamphlet explains the character 
of the different classes of weather information trans- 
mitted, mentions the times of transmission and discusses 
the methods of utilising the data. A considerable part 
of the information, we may mention, can be made use 
of by persons having but little knowledge of meteorology. 
The “ general inference,” for instance, which is trans- 
mitted’ twice daily in plain lan e, and gives the 
general character of the weather likely to be experienced 
over the British Isles, could be received and utilised by 
anyone acquainted with the Morse Code, while the fore- 
easts for districts, which are issued in code for the sake 
of brevity, are not difficult to translate with the aid of a 
small. code book, The “synoptic m ” give the 
conditions existing at a large number of British stations 
1 hour before the time of transmission, and the pamphlet 
explains the method of decoding the messages, and also 
gives instructions in the making of weather charte from 
the data. Copies can be obtained through any book- 
seller or directly from any of the branches of H.M. 
Stationery Office, price 9d: net. 





MacGnatic RecoveRY oF Furn FRoM CINDERS.—- 
The Ullrich. process of recovering coke and coal froim 
cinders and ashes, which Messrs. Krupp, Grusonwerk, 
Magdeburg, are introducing, is based upon the fact that 
most coal ashes: contain some iron which during com- 
bustion is converted into an iron oxide of sufficiently 
high magnetic susceptibility to separate the coal from 
the ashes. It is claimed that the average coal recovery 
exceeds 30 per cent. of the weight of the ashes, and that 
it has reached 50 per cent. in. some eases. More than 
1,000 samples of ashes, including lignite fuel, have 
proved’ amenable to this treatment. A pamphlet sent 
‘to us illustrates a portable ash-separator, of a capacity 
of 2. tons of ashes per day, working on a cinder dump. 
Tilting cars deliver the cinders on a jig or a conveyor 
belt, from which coarse pieces are picked off, while the 
finer particles fall into the hopper and pass through an 
oscillating chute into a bucket elevator. The elevator 
icharges the material into a grader, which generally 
screens the material inte three sizes, to gin., up 
ito 1} in., and larger pieces ; the last-mentioned pieces 
pass, together with the coarse particles above r 
to, into a crusher: The two kinds of finer icles are 
sent. to: two separators; each is a revolving drum 
enclosing one or several (up to four) magnetic systems, 
so- arranged on a horizontal axis, that the material, fed 
through as many chutes as there are systems, meets the 
surface in a tangential stream); the magnetic particles 
are then carried round through about 180 deg. with the 
drum whilst the coal flies off. The operations are 
carried’ out in the dry, leaving the mineral particles 
in suitable condition for brick-making. The agents 
are Messrs. W. Stamm, Ormond House, 63, Queen 
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Production Engineering ani Cost Keeping for Machine 
Shops. By Wrrttam R. Basset and Jonnson Hey- 
woop. First edition. New York and London: 
jr Book Company, Inc: [Price 178. 6d. 
net. 

Many books have been written dealing with the 

subject of engineering production and costing, 

and new authors can now do little more than place 
on record their own particular views as to the best 
manner in which to apply principles which by this 
time should be well known. The subjects have 
been so widely written about, noticeably by 

American writers, that it is safe to say, .if ignorance 

on these matters exists to-day—and the evidenve 

in this direction is not too assuring—an increase 
in the number of books on the subject is hardly 
likely to prove the remedy. Thus in “ Production 

Engineering and Cost Keeping” the authors have 

a somewhat well-worn subject to deal with and are 

able to tell little that is new; they bring practical 

experience to bear, however, and the result is a 

book which is one of the most useful of its kind. 

The treatment given automatically divides the book 

into three sections, production planning, rate- 

fixing! and costing, of which the first and last 
sections are the better, that on rate-fixing being 
decidedly weak. 

Planning is treated as being essential, if delivery 
dates are to be met, and if the value of work in 
progress is to be kept down to a reasonable minimum, 
and the reference at the foot of page 7, where it is 
stated in one instance the value of the work in 
progress was reduced by 66 per cent. by the intro- 
duction of planning, is not necessarily overdrawn ; 
similar instances have been experienced’ in this 
country. Attention is also drawn to the useful 
influence planning can have on purchasing,. in 
providing information which may enable expendi- 
ture to be spread over longer periods, and on store- 
keeping, by making it possible for stocks to be kept 
at a much lower level than would be the case if 
planning were not done. It is all too common 
an experience to find that the buyer both overloads 
and starves the works; there is usually something 
which has been overlooked or has been used for 
another purpose or at a quicker rate than anticipated 
while the over-full stores of recent years and: the 
disastrous results with falling prices must have 
brought home in full the need for some reliable guide 
as to the minimum stock necessary to meet. require- 
ments. Demands are not the better met because 
the stocks are large ; provided small stocks of the 
requisite material enable all. demands to be met, 
not only at the beginning of a contract but right 
through until its completion, nothing further is 
required, and the smaller the purchases and. stocks 
which enable this to be done, the smaller is the 
amount of capital laid idle. But this can only be 
made possible by the existence of thorough know- 
ledge of requirements. It is the same way with 
manufacture. “It is not so important that’ some 
of the parts land. at the assembly floor on a given 
date, as it is that all of the parts land on the assembly 
floor at nearly the same date.” To ensure this is; 
from this’ one standpoint, the essence of good 
organisation. 

Rate-fixing is dealt with somewhat superficially. 
The authors have done well in steering clear of one 
weakness of American books by not treating motion 
study as being of paramount importance ; actually 
there are no direct references to the subject. Time 
study methods are discussed’ and a right’ note is 
struck regarding overall times. “This would 
require a workman whose skill could be 
reckoned at 100 per cent., whiose conscientiousness 
could be relied upon, and the detail of whose pro- 
cedure could be reduced to the most. efficient: basis.” 
Timing as it is often termed is frequently taken 
no further than to see how long a job takes without 
considering whether or not the time so taken 
represents efficient working, and the warning is 
well given. To the manufacturer whose operations 
are niot often repeated or are of long duration, this 
section has but little value, but where the reverse 
is the case, some useful hints may be found, 

The chapters on costing’ are’ more satisfactory. 
The necessity of accurate costing is being more and 





more realised, not only for accounting purposes, 
but what is perhaps of greater importance, for 
administrative uses. This aspect of costing is 
kept well to the front, and various illustrations are 
given showing the results of the use of some of the 
information provided: “ Now instead of forcing 
the plant to make what the sales department 
chooses to sell—it is up to the sales department to 
sell what the plant can make at a profit.” 

The question of overhead charges is quite well 
treated, and we are almost in agreement with the 
authors’ caustic comment on the percentage method 
of apportioning these charges. ‘It would: be as 
accurate to apportion the overhead on the basis 
of colour; if painted red, the product would carry 
10 dols. of the overhead ; if blue, 20 dols. ; yellow, 
50 dols.” There can be no doubt, whatsoever,.that 
the results obtained from the use of the percentage 
method can be misleading in the extreme and that, 
in some works, products are being manufactured at 
a loss in spite of the fact that the books show a 
profit.. The-rate of labour has no bearing at all on 
on-costs and, in many cases,, the relation between 
the two is of an inverse character, and this, the 
percentage method of apportionment cannot cater 
for.. The references to the subject are generally 
sound, and are presented in a somewhat better 
manner than is usually the case. The nature of the 
different items which go to make up the total is 
discussed and the necessity of departmentalising 
them is rightly recommended, if accurate costs are 
to be secured. Equally sound is the reeommenda- 
tion to use time as a basis of apportionment instead 
of wages paid. The idea that on-costs are a kind 
of evil, unavoidable and uncontrollable,, must be 
dropped ; on-costs are capable of investigation and 
control and require the same care and supervision, 
and:should. be as-acourately presented, as any other 
item of:cost on which a firm’s selling prices are based. 

The’ book is illustrated with forms and curves 
throughout, many of which are of real interest. 


Machine Tool Operation. Part II. Drilling. Machine, 
Shaper and Planer, Milling and Grinding Machines, 
Spur Gears, and Bevel Gears. By Henry D. Bure- 
HARDT. New York and London: McGraw-Hill Book 
Company, Inc. [Priee 13s. 9d. net.) 

Txis book lies under great indebtedness to machine 
tool catalogues, being profusely illustrated with 
machines’ and elements that are familiar. A 
reasonable proportion of good sectional drawings 
would have been much more helpful to the student, 
but there is not a single drawing of a complete 
machine throughout its 438 pages. The work is 
divided into 17 chapters, commencing with three 
on drill presses and drills, and each chapter con- 
cludes with a number of questions that relate to its 
contents. Chapter I on Drill Press Construction 
is exceedingly elementary, as for instance we read : 
““ When the sleeve carrying the spindle with the 
cutting tool:is caused to move in the advance direc- 
tion (usually downward) the cutting! tool approaches 
oris fed into the work, and when moved in the oppo- 
site direction the cutting tool is withdrawn from the 
work.” Here are nine photographs and per- 
spective outlines, and two sections of details in 
15 pages, but. no section through any one type of 
machine.. The information given, if not incorrect, 
is insufficient to: include the essential facts. Thus, 
‘* Radial drills are classified as to size by the length 
of the radial arm.” But that is only one element 
in’ a specification of these machines. In connec- 
tion with. multiple spindle drills, no mention is 
made of the important detail of running these at 
variable speeds. In Chapter II on Drills and 
Drilling, the text is broken up with sets of ques- 
tions that relate to the sections preceding. The 
paucity of original drawings is emphasised’ by the 
fact that the subject of drilling jigs'is illustrated 
with some obscure shaded perspectives borrowed 
from one of Halsey’s books, with. no descriptive 
matter. Chapter III deals with tools allied to the 
drills, reamers,.counterbores, taps and. tap holders, 
mostly’ with. perspective sketches. 

Chapter IV treats: of the shaping machine, 
Chapter V with its work—this contains some useful 
detail in regard to setting and’ tooling: Chapters 
VI and VIT on the Planer, and planer work are 
fairly comprehensive, but are marred by the absence 
of sectional drawings of machines, lettered per- 








spectives reminiscent of catalogues having to serve 
their purpose. Milling machine construction, Chap- 
ter » has’ much of its 35 pages occupied with 
23 photographs and perspectives. The same remark 
applies to the next chapter on Milling Cutters and 
their holding devices. Chapter X, Speed, Peed and 
Chip relates to the work of milling cutters, but no 
account is given of the inserted tooth face mills 
which are now used more extensively than edge 
‘mills in the plano-milling machines. Chapters XI 
to XITI continue the subject, including the work 
of the index head and’ spiral milling, illustrated with 
B. & 8. and Cincinnati designs. The Grinding 
Machine, Chapter XIV, has no drawings of head or 
itailstocks, wheel’ heads or spindles. It is a bare 
précis. Chapter XV, Grinding Wheels, is written 
like Bourne’s Catechism of long ago—‘‘ What is 
an abrasive ?” and:sooni Chapter X VI continues 
the subject. Chapter XVII on Spur and Bevel 
Wheels is an epitome of the B. & 8. system: The 
various systems of generation are entirely ignored. 
No reference is made to. pinion. cutters, or rack 
cutters, or hobs, nor to worm gears, or double helicals 
or spiral bevels, all of high importance at the present 
time. An appendix of tables completes a work, 
which in spite of the shortcomings: pointed out will 
be helpful to the student who has no knowledge of 
workshop practice. 
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Engineering Inspection. By FE. A. Ariovu'r, M.Sc. (Eng.), 
and Crartxs J. King. London: George Routledge 
and Sons, Limited. [Price 15s, net.] 

Tux materials used. in engineering construction are 

purchased on the basis of a stipulated’ composition 

or series of physical properties. The specification.of 
requirements gives; or should. give; an exact state- 
ment of what is sought for, and samples taken from 
the material supplied should be tested! to see that 
the materials.comply with the conditions. Inspec- 
tion of. the incoming raw material’ of a) factory is 
of the greatest’ importance, and if not carried out 
in a thorough and systematic manner may lead 
to the waste of. quantities of material after con- 
siderable labour charges have been paid for machine 
and other work. Another field of important 
activity in engineering inspection is the detection 
of faulty workmanship, which may cause subse- 
quent failure and necessary replacement of not 
only the faulty part but also of its neighbours. 
This type of work follows naturally on: each series 
of operations, so that no further work is done upon 
parts having faults or until such, if they are remedi- 
able, have been removed. There is consequently 
great. scope for inspection work in a. modern factory 
for the pure purpose of cutting'down waste, improv- 
ing output and ensuring satisfaction in the finished 
article, not only to the purchaser, but also to the 
manufacturer, the reputation of whose goods is 
always one of the best forms of advertisement. 

The authors of this work have attempted a survey 

of engineering inspection as required in a mechanical 

engineering works, and have brought’ together a 

considerable amount of data regarding the materials 

which an engineer has to work with, and described 
in a broad way the manner of conducting tests of 
physical properties, which they have supplemented 
where hampered by limited space by ample refér- 
ences to more exhaustive original papers and works. 

The gauging of dimensions and detection of internal’ 

flaws, only shown after some stages of the machining 

operations are completed,. form the second. but 
equally important class of work which is amply 
covered by this book. 

Inspection systems can be. over-elaborate, like 
everything else that goes to make up: a complete 
and’ thorough system of manufacturimg, but’ with 
authors whose. outlook is that tHe efficiency of. 
inspection can only be gauged by the relationship 
of actual money saved through it, tothe cost of the 
work, such is not to be expected’ nor in’ this volume 
is such found. The endeavour is clearly shown 
throughout the work to deseribe How the many 
complexities may be simplified by the use of 
standard forms and systems of inspection,.and how 
the inspection department can work with the 
buying organisation to ensure that little or no 
work is done upon unsatisfactory material. 

Gauging and measuring instruments for the 
common purposes of engineering work are described 
fully, and wherever the Standards Committees 
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and the National Physical Laboratory have issued 
reports on particular cases, such as those of screw 
threads, the suggested methods are amply described. 
The organisation of a machine shop inspection 
system for the two cases of repetition work of which 
a large quantity is required, but which lasts for only 
a comparatively short period, and repetition work 
where large quantities of precisely similar articles 
are to be produced for long periods and where, 
consequently, the machines can be kept con- 
tinuously on the same work, is considered from a 
purely economic position. The final inspection 
and final tests complete the survey of a most 
interesting, inspiring and thorough work, which 
will prove of great service to production engineers 
and works managers. 
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for the heating of the shops and for timber drying 


kilns, and in the second the fnstallation acted as a 
destructor plant for the wood-working refuse. 

The accompanying plan shows the grouping of the 
new shops dealt with, and their disposition in relation 
to the central boiler-house which is provided with 
three marine type and two Babcock and Wileox boilers, 
the latter being fitted with destructor furnaces for 
consuming the sawdust and shavings collected. The 
buildings which this installation serves were not all 
erected at the same time. The first put up was the 
sawmill, erected in 1912. This was followed by the 
timber-drying kilns, and subsequently the joiners’ shop 
was built. The pneumatic plant was arranged to 
collect refuse from the sawmill and joiners’ shopYand 
also from the shipwrights’ shop. The latter contains 
few machines, the greater part of the floor being 
occupied by the boat builders’ department. The 
sawmill consists of two unequal bays, 380 ft. by 60 ft. 
and 330 ft. by 60 ft. The joiners’ shop consists of 
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‘was 30 ft. and the other 40 ft. wide. The sweep-down 


in the shipwrights’ shop is served by one fan. Its 
discharge pipe, which had to cross the yard roadway, 
was laid in a subway. . 

The scheme was completed by a conveying plant 
picking up the refuse from separator houses Nos. 2 
and 3, and depositing it in separator house No. 1, and 
finally a conveying installation from No. 1 separator 
house to a separator fixed overhead in the boiler-house. 
The latter is placed so as to discharge its contents 
automatically into the feeding holes of the two destruc- 
tors, or alternatively on to the firing floor, so as to be 
available for hand firing during the night when the 
collecting and conveying plants are not running. 

The pipe from separator house No. 3 had also to be 
carried over the same roofs as that from fan No. 2 
in the sawmill to separator No. 1, and the two were 
trussed together side by side across the two roadways. 
The pipes and trussings give a clear head-room of 
28 ft. from roadway level. 
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SAWDUST AND SHAVINGS COLLECTING 
PLANT 


Aw interesting plant which constitutes a record of 
ite kind, has recently been completed at the Belfast 
Works of Messrs, Harland and Wolff, Limited. This 
plant collects the shavings and sawdust from wood- 
working machines situated in shops spread over a very 
large area, The object of the plant was two-fold. 
In the first place, it was necessary to;generate steam 
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two bays, 100 ft. wide and one of 80 ft., all 690 ft. in 
length. 

When the present scheme was carried out it was 
decided to arrange for three separator houses, one at 
the boiler-house, one in the joiners’ shop and one for 
the sawmill. The latter had an original installation 
which concentrated in a separator plant at the far end 
of the sawmill, and material was thus carried away 
from the boiler-house instead of towards it. This 
involved changing the location of this separator plant 
to the site shown in our plan. The sawmill collecting 
plant consists of five fans. Four of these served the 
original arrangement ; a fifth has been added to deal 
with additional machines. In this shop the fans are 
arranged on platforms built on to the stanchions 
carrying the roof. The joiners’ shop is served by six 
fans dealing with as many groups of machines. Four 
of these fans are of one size and two of another. In 
the shipwrights’ shop it was thought sufficient to 
provide a sweep-down of ample capacity to which the 
refuse is brought by hand labour. 

In all cases the suction pipes from the machines were 
laid in trenches so as to leave the shops as clear as 
possible of obstruction, for stacking and for swinging 
long timber. Some difficulty was found in making 
the trenches watertight, but this was successfully 
overcome, All fans are direct coupled to electric 
motors, most of which are of the alternating-current 
type. In the joiners’ shop the fans discharge vertically 
upwards, the discharge pipes being carried up either 
close to the walls, or close to stanchions. They are 
led overhead immediately under the roof tie-beams. 
In this shop four fans deliver to No. 2 separator house, 
and two direct to No. 1 house. In the sawmills, one 
bay of which is served by an overhead crane, the 
discharge pipes in the case of three of the plants were 
carried through and along the top of the roof outside. 
The pipe from No, 2 fan was carried on direct to No. 1 
separator house and had to cross the roofs of two other 
shops, and also two roadways. Of the latter, one 





The number of motors in use is as follows :— 


Joiners’ shop: Four of 55h.p. ; two of 35 h.p. 
Conveying plant from No. 2 separator plant 
to No. 1 separator plant : One of 40 h.p. 


Sawmill: One of 28 h.p. ; four of 25 h.p. 
Conveying plant from No. 3 separator plant 
to No. 1 separator plant: One of 19 h.p. 

Shipwrights’ shop: One of 20 h.p. 
Conveying plant from No. 1 separator plant 
to boiler-house firing floor : One of 35 h.p. 


When working full time the quantity of wood 
refuse from the joiners’ shop amounts to 27 tons per 
week, from the sawmill 30 tons per week, and from the 
shipwrights’ shop 5 tons, making a total of 62 tons. 
This amount is sufficient to fire the two Babcock 
and Wilcox boilers without additional fuel. It is 
found that the cost of the pneumatic system works 
out at much below that of the former system of con- 
veyance by horse cartage. 

The total length of piping of all sizes involved in the 
installation is 9,850 ft., or rather under 2 miles. 
The pipes vary in size from 3 in. upwards, the largest 
being 35 in. in diameter. The longest single lead over 
which refuse is conveyed, is about 640 ft., #.e., the 
distance between No. 2 and No. | separator plants. 
The whole plant was designed and installed by the 
Sturtevant Engineering Company, Limited, 147, 
Queen Victoria-street, E.C. 4. , 








New Town Hatt rx CotomsBo.—According to Indian 
Engineering, preparations are being made by the Colombo 
Municipality to make an early start with the work in 
connection with the building of the new Town Hall in 
the city. The competition for architectural designs 
elosed on October 31, and the oe tn , be ex- 
amined by three ex judges appoin y the munici- 
pality. nee the Meese selection m7 been made, building 
work was to be taken in hand without delay. It was 
expected that this might be as early as November. 
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THE STEIN-CHAPMAN GAS PRODUCER WITH MECHANICAL AGITATOR. 
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It may fairly be said that the best gas producer is 
that which automatically maintains the greatest degree 
of uniformity in the fire bed. Such a condition results 
in @ uniform generation of gas of uniform quality, so 
that consuming appliances can be set to operate steadily 
and to take the best advantage of the gas supplied. 
If the calorific value of the gas varies intermittently it is 
not possible that a steadily efficient consumption can 
result. The conditions which chiefly affect such 
uniformity of generation are the coal feeding arrange- 
ments, the agitation of the fire bed and the removal 
of the ashes, and much interest lies in the gas producers 
which we illustrate on this and the following pages, 
in view of the ingenious methods which are employed 

















in connection with each 
of these operations. The 
producers are construc- 
ted by Messrs. Stein and 
Atkinson, Limited, of 
47, Victoria-street, Lon- 
don, S.W. 1., and em- 
body the Chapman 
floating agitator and a 
new form of automatic 
ash extractor. The 
Chapman agitator has 
been in use in this 
country for the last few 
years, and remarkable 
results have been ob- 
tained with it in a 
number of installations ; 
the ash extractor is, 
however, of quite recent 
introduction. 

The first way in which 
uniformity of gas gene- 
ration is obtained in 
the Stein-Chapman pro- 
ducer is by the employ- 
ment of a continuous 
coal feed. This point is 
of great importance. If 
a producer is fed inter- 
mittently — say, every 
20 minutes to 30 mi- 
nutes—a period immediately follows charging when a 
gas of a calorific value above the average is given off. 
With a highly volatile coal the quality of the gas may 
vary from, say, 120 B.Th.U. to 160 B.Th.U., within a 
period of a quarter of anhour. The richer gas naturally 
requires more air for combustion, but it is not possible 
that regulating valves at the consuming plant should 
be constantly re-set to suit conditions of this kind, and 
consequently some of the potential heat in the gas is 
lost. In the Stein-Chapman producer, regularity of 
production is further ensured by feeding the coal 
evenly over all parts of the fire bed. This is clearly a 
valuable feature. If the coal is dropped, first on one 
part of the fire and then on another, the fire bed becomes 
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thick and sticky in spots. The spots prevent the 
passage of the air and concentrate the blast elsewhere 
to the detriment of uniform operation. 

A Stein-Chapman producer is illustrated in Figs. 
1 and 2, and from these, in conjunction with the 
enlarged view of the head gear given in Fig. 5, the 
operation of the automatic feed may be followed. 
A coal hopper, which can be seen to the right of Fig. 1, 
is kept filled with coal from a spout which connects 
with an overhead bin. In some plants the coal is 
shovelled into the hopper from the floor, the height of 
lift being only 51 in. The coal passes from the hopper 
into a rotating drum, which can be seen alongside and 
partly below it in the figures. The drum is rotated 
intermittently by a rocking lever carrying a pawl, as 
clearly shown in Fig. 5. The lever is rocked owing 
to a connecting rod attachment to the face of a spur 
wheel which is driven by a pinion to be seen below it 
in the figure. This pinion is carried on the spindle of a 
2 b.h.p. totally enclosed electric motor, the position of 
which can be seen in the figure. As will be explained 
later, this motor operates the agitator as well as the 
coal drum. The interior of the drum is formed with 
three. chambers, each capable of holding some 40 Ib. 
to 60 Ib. of coal. As the drum rotates the chambers are 
filled in turn, and in turn discharge into the producer. 
The drum acts as its own coal breaker, any lumps too 
large to enter the chambers being broken between the 
front edges of the chambers and a sharp-toothed steel 
casting fixed on the hopper. This can be seen in Fig. 2. 
A safety device in the form of a shearing pin is fitted 
in connection with the pawl. The drum is slightly 
tapered outside so that it may be adjusted endwise in 
its housing either to take up clearance or to increase 
clearance for ease of rotation in case tar or dirt accu- 
mulate aroundit. Spiral ribs are, however, provided on 
the outer surface of the drum which tend to work out 
any soot, coal dust or tar which may get between 
the drum and its housing. As the coal leaves the drum 
it slides down a chute and falls on to a centrally located 
cast steel bell, which scatters it evenly over the fire 
in every direction, adjustable deflectors being fitted 
to ensure uniform spreading. 

The next special feature of the Stein-Chapman 
producer with which we wish to deal is the Chapman 
agitator already referred to. This appliance con- 
tinually breaks up the surface of the fire bed, main- 
taining uniformity of level and keeping a free passage 
for the blast through the whole area of the fire. The 
fresh fuel on top of the bed tends to cake and form a 
surface crust which it is difficult’to blow through, and 
the duty of the agitator is to prevent the formation of 
this crust. If the bed is agitated by a vertical rod, 
it is apt to be disturbed below the level of the surfacing 
of fresh fuel so that air channels are formed, giving 
irregular burning and interfering with uniform output. 
The same thing may happen with hand poking, while 
the work in any case is very heavy and labour costs 
become considerable. The upper portion of the fire 
bed which is naturally sticky and difficult to blow 
through, varies from 6 in. to 18 in. thick, and the 
Chapman agitator is set to work only to the appropriate 
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THE STEIN-CHAPMAN GAS PRODUCER WITH AUTOMATIC ASHING ATTACHMENT. 


CONSTRUCTED BY MESSRS. STEIN AND ATKINSON, LIMITED, ENGINEERS, LONDON. 
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cases have lasted over two years 
in continuous service. There is 
no record of one having ever 
broken. 

The third important feature 
in connection with producers to 
which we referred at the begin- 














depth, and does not break up the even and uniform bed 
below, or open up cavities into which the fresh fuel 
may fall, or through which ashes may rise. An 
important feature of the agitator is that it “‘ floats ”’ 
and consequently adapts itself to the height of the top 
of the fire bed, which naturally cannot be kept constant. 
In this way the agitating effect is maintained to a 
uniform depth, and regular operation results. 

The agitator can clearly be seen in Fig. 1. It con- 
sists of a form of rake, a horizontal arm carrying a 
series of stirring fingers. These project downwards 
from the arm and also forwards in the direction of 
movement. The agitator rotates on the top of the fire 
bed, the fingers projecting downwards into it. In this 
way the surface is harrowed or ploughed up, and any 
gap or recess which may be left in the wake of the 
fingers is immediately filled in by the smoothing action 
of the cross-arm. The depth at which the fingers 
operate in the fuel bed varies from 8 in. to 14 in., and 
is determined by the weight in the weight-box. The 
best depth depends on the class of fuel being gasified. 
The agitator is driven by a horizontal worm wheel, 
which in turn is driven by a worm on the same shaft 
as that on which is mounted the spur wheel carrying 
the coal drum connecting rod. The arrangement will 
clearly be seen in Fig. 5. 

The hub of the driving worm wheel is made with a 
pair of lugs projecting inward which engage a pair 
of screw-like spiral lugs formed on the driving head 
of the agitator. The arrangement will be followed from 
Fig. 5, and the details given in Figs. 3, 4 and 6. The 
driving worm wheel with the agitator head in place 
are shown in Figs. 3 and 4, while an enlarged view 
showing the hub arrangements and the driving lugs 
is given in Fig. 6. In normal operation the worm wheel 
drives the agitator at about 7 revolutions an hour, 
so that every part of the bed is covered 14 times an 
hour. If, however, the agitator strikes an obstruction, 
or becomes covered too deeply by the fresh fuel, so that 
more power is required, the driving head automatically 
screws upwards to a point at which the forces are again 
in balance, Similarly if the top of the fire bed falls 
too low the agitator follows it. The main purpose of 
the floating arrangement is to maintain uniform treat- 
ment of the fire bed independent of level, but, as 
explained above, the arrangement also acts as a safety 
release in case the agitator strikes an obstruction. 
Further, insurance against breakage is, of course, 
furnished by the cut-out on the motor and the main 
fuses. The stirring fingers are made of high carbon 
steel and can easily be replaced when worn out. The 








horizontal members are of tough material, and in many 


ning of this description was the 
arrangement made for ash re- 
moval, and in this respect the Chapman asher, which 
is fitted to the producer illustrated in Figs. 7 and 8, 
above, will be found of much interest. To maintain 
an even fire bed, it is necessary that the ashes should be 
removed evenly from all parts of the ash bed, and that 
the removal should be continuous. This is a difficult 
practical problem, and the arrangements by which it 
is met in the new Chapman asher are worthy of atten- 
tion. In addition to the continuous and even removal 
of ashes the appliance does not disturb the fire bed 
proper or act in such a way as to form any cavities 
or gaps into which partially burnt coal may fall. 
Disturbances of this kind result in loss of carbon in the 
ashes, clinker and uneven blast distribution. The 
appliance allows of the rate of ash removal being 
adjusted to suit the rate of gasification, and discharges 
all ashes automatically at a single point so that they 
may be conveniently dealt with. 

The arrangement, which can be followed from Figs. 
7 and 8, consists of an ashing beam which is located 
diametrically across the ash pan. It is of cast steel, 
2 in. thick and 10 in. wide, and is curved backward |at 
the outerends, The ashing beam revolves continuously, 
and its speed may be adjusted from 1 revolution per 
hour to 1 revolution in 10 hours. The backward 
curving ends of the beam result in more ashes being 
removed from the outer part of the fire bed where 
more are made. The beam is provided with agitating 
lugs, or teeth, which project upwards and forwards 
through the ashes in the lower part of the producer. 
The teeth, which are removable in case of wear, finger 
down any large pieces of ash and break up arches, 
which may tend to form between the producer walls 
and the tuyere hood. They also agitate the ashes 
sufficiently to impart motion to all the lower part of the 
fire bed. 

The ashing beam is supported at each end by a large 
gear ring, which rotates continuously. The beam passes 
around the blast pipe under the tuyere head, but does 
not touch it, and has no bearing in the centre of the 
producer. Its bearings are all outside, where they are 
accessible for oiling and inspection. Attached to the 
rotating gear ring there are six scoops, the front edges 
of each set of three of which project downwards different 
distances into the ashes. The result of the arrange- 
ment is that each scoop as it revolves removes an equal 
quantity of the ashes which have been forced out by the 
ashing beam. A fixed deflector is set diagonally 
over the ash pan, and as the scoops pass under it they 
are relieved of their load. The shape of the concrete 
ash pan is the same as in producers in which the ashes 
are shovelled out by hand. The asher, as will be seen 










from Figs. 7 and 8, is driven by a motor and gearing 
entirely independent from those which drive the 
agitator, so that in case of the breakdown of the ash- 
removing machinery, the ashes may be shovelled out 
by hand in the usual way without stopping the opera- 
tion of the producer. 

Other features of the producer will be followed 
from the illustrations, but in concluding we may quote 
some results obtained with a Chapman completely- 
mechanical gas producer installed in a glass works using 
Illinois coal. The producer replaced two producers of 
the static bottom type, each 10 ft. internal diameter. 
It was found that the same load could be carried, 
although the Chapman producer gasified about twice 
as much coal per square foot area of fire bed as the old 
ones, and that the amount of labour required was only 


half. The following figures explain themselves :— 
Analysis of Coal Used. 
Per cent. 
Moisture as received .. 7-53 
Carbon, dry 67-35 
Hydrogen, dry 4-95 
Nitrogen, dry : 1-24 
Oxygen, dry 12-39 
Ash dry Bere 9-95 
Sulphur, dry. .... 4-12 
Sulphur in ash 0-41 
B.Th.U. per lb., dry .... _ 12,126 
B.Th.U. per lb., as received .- 11,207 
Fusing point of ash .... ... 1,190 deg. C. 
Duration of test .. 168 hours. 
Average Gas Analysis. 
CO, CH. co. H,. CH. Ne. 
per per per per per per 
cent. cent. cent. cent. cent. cent. 
6-49 0-65 24-1 13-1 3-2 52-46 


B.Th.U. per cubic foot— 
Gross, 173 .... Calculated on ‘‘ Lunges ” 
Net, 161-6 .... : i heat values. 

Carbon in ash, 5-1 per cent. = 0-56 per cent. 
of original carbon in fuel. 








Tar Navat DeFreNces oF Brazit.—According to the 
monthly review for October, issued by the London and 
River Plate Bank, Limited, one of the official acts to 
commemorate the Centenary of Brazil’s Independence, 
was the signing by the President of the Republic of a 
decree, No. 15,672, on September 7, which authorises 
the construction of a military port, together with five 
naval bases, for the protection of the coast line of Brazil. 
The new port and dockyard will be situated at Ribeira, 
a small bay on Ilha Grande, off the State of Rio de 
Janeiro, about 60 miles south of the city of Rio. The 
five naval bases will be established at Pard, Natal, 
Bahia, Santa Catherina and Rio Grande do Sul. The 


President simultaneously signed a decree dealing with 
the financial part of the programme and covering both 
the naval defence of the country, and the re-organisation 
of the Navy. These decisions represent the consum- 
mation of old aspirations of the people, and of the 
navy. 
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THE INSTITUTION OF CIVIL ENGINEERS. 
Address* by the President, Wrt11amM HENRY Maw. 
WHEN considering the question of what should be 

the leading subject of my present address, I was re- 

minded of the fact that nineteen years ago—in 1903— 

the Institution did me the honour of inviting me to 

deliver a James Forrest lecture on ‘Some Unsolved 

Problems of Engineering,” and it occurred to me that 

it might be of interest if on the present occasion I called 

attention to the progress which had been made towards 
the solution of certain of these problems, and to the 
influence of that progress on engineering work generally. 

The last decade has been a very eventful one, and has 

exercised a most important influence on our industrial 

history. Of course the Great War affected to a very 
serious extent the carrying out of much research work 
which had been inaugurated prior to 1914, but, on 
the other hand, it undoubtedly emphasised the stern 
necessity of strenuous research in many directions, 
and led to the financial support of such work being 
forthcoming on a scale which would certainly not have 
been available under the ordinary conditions of peace. 

Naturally, much of the work so carried out was of 
a special nature, intimately connected with the require- 
ments of war, but on the other hand, much of the in- 
formation so gained had a distinct bearing on the arts 
of peace, and it behoves us now that war has passed to 
utilise to the uttermost the knowledge so acquired. 
In doing this our leading technical institutions can render 
most valuable aid, particularly if they agree to unite 
their forces in order—whenever this may be desirable— 
to secure the most thorough discussion of certain problems 
which are as yet only partially solved. 

It should be borne in mind that during the war an 
immense amount of most valuable work was performed 
by what I may call mixed committees—that is to say, 
by committees composed of engineers, chemists, metal- 
lurgists and men distinguished in other branches of 
science all acting together, and the further discussion of 
such work could be better carried out at conjoint meetings 
of several societies concerned than it could be in any other 
way. Of course, the organisation of such conjoint 
meetings is not a subject to be dealt with on the present 
occasion, but I mention it as a matter deserving serious 
consideration in the early future. 

There is perhaps no direction in which greater progress 
was made during the war period than in the investiga- 
tion of the properties of constructive materials and in 
the evolution of what are—for all practical purposes— 
new materials capable of satisfying special requirements. 
The reasons for this are obvious. In the first place 
the development of our aeronautical work gave rise to 
special demands for constructional materials combining 
lightness with strength; while, in order that these 
materials should be utilised as effectively as possible 
by the various persons employing them, it was necessary 
to secure and to distribute detailed information not only 
as regards their general qualities, but also as to the 
best courses of treatment to which they should be 
subjected during the various stages of their manufacture 
and use, 

The improvement of our ordnance and _ projectiles, 
again, led to other demands of a special character, 
as did also the construction and equipment of our 
submarines, and altogether the war was undoubtedly 
directly responsible for a very important improvement 
of our knowledge of the properties of both our ferrous 
and non-ferrous metals, and most materially accelerated 
the distribution of that knowledge in the proper quarters. 

As long ago as 1900 the Institution of Mechanical 
Engineers had inaugurated an Alloys Research Com- 
mittee, the experimental work in connection with that 
Committee being carried on chiefly at the National 
Physical Laboratory, and prior to the war it had issued 
ten reports containing information of a very valuable 
kind. At the time when war was declared the Committee 
were specially engaged in the investigation of the ternary 
alloys of aluminium with zinc and copper; but the 
demands of the war led to a change of programme, 
and it became necessary to explore without delay the 
properties of a large range of alloys suitable for immediate 
practical use under the conditions which had arisen. 
Tn these inquiries the committee had the advantage of the 
friendly co-operation of the Light Alloys Sub-Committee 
of the Advisory Committee for Aeronautics and of 
workers in other laboratories throughout the country. 
They had also the advantage of financial support which 
enabled them most materially to increase the experi- 
mental plant at their disposal, with the result that, 
thanks to their devoted energy and that of the other 
investigators in the same field with whom they were in 
communication, there has been accumulated a mass of 
most valuable data which, but for the special circum- 
stances which had arisen, would not have been available 
for many years to come. 

As I have already remarked, it is now our duty to 
utilise effectively the knowledge acquired under war 
conditions. As far as the facts bearing upon aero- 
nautical work are concerned, the course is, I think, 
fairly clear. There has recently been a decided slump 
in the development of aeronautical work for civil pur- 
poses ; but our conquest of the air has already reached 
such a stage that it is bound to make great advances 
in the future. Mueh harm has been done by the ridicu- 
lously exaggerated claims put forward in some quarters 
in respect to aerial navigation, but the fact remains that 
aircraft will in the future take an established place— 
and in some respects a very important place—in the 
means of transport which the progress of science has 
placed at the disposal of civilised nations. With the 
development of aircraft for civil work the assimilation 
of the information accumulated during the war will, 
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I trust, take place in the natural way, with results which 
will be inost satisfactory to all concerned. And here 
I may point out that the information relating to alloys 
to which I have just called attention only formed one 
portion of the research work bearing upon the develop- 
ment of aircraft which was carried on during the war. 
As a matter of fact, these investigations were of a most 
varied kind, and included the accumulation and organised 
arrangement of data relating to various timbers, canvas 
and other wing coverings, “ dopes”’ and paints, and the 
standardisation of numerous details, to say nothing of 
the design and construction of the various ingenious 
instruments necessary for the practical navigation of 
aircraft. As an indication of the extent to which the 
standardisation of details has been carried it may be 
mentioned that the British Engineering Standards 
Association, into whose hands the issue of these docu- 
ments has been placed by the Government, has already 
published over 200 specifications bearing on these 
subjects, and others are in preparation. 

Apart from the investigation of the qualities of con- 
structive materials, there was also carried out in air 
tunnels at Teddington and elsewhere an immense amount 
of experimental work bearing upon the design of aero- 
planes, the efficiency of propellers, &c., and the data so 
obtained were thoroughly discussed and utilised. Again, 
the design and details of the engines providing the motive 
power for aircraft constituted another branch of research 
of paramount importance, complicated, as it was, by 
the difficulties arising from the effect of the low air 
pressure at high altitudes on the performance of internal- 
combustion engines, a point which in itself necessitated 
experimental work of a most extended and interesting 
character. " 

In considering the various researches to which I have 
just referred there is one feature to which special 
attention should be directed, as it distinguished them 
in a very important respect from ordinary research work. 
It is this: In ordinary researches the conclusions arrived 
at often remain untested for more or less long periods, 
and when they are tested it is not unusual for such tests 
to develop facts which, if known earlier, would have 
decidedly affected the character of the research carried 
out. During the war, on the other hand, immediate 
results were wanted, and as a consequence any reasonable 
suggestions arising from the research were, as a rule, 
tested without delay. Moreover, in carrying out such 
tests risks were incurred—and under the circum- 
stances, justifiably incurred—which would not have been 
warranted under the ordinary conditions of peace. Asa 
result conclusions were arrived at and advances made 
much more promptly than would have been possible 
under other conditions. 

Taken as a whole the developments in connection 
with aeronautical work secured during the war—whether 
judged by their extent or their practical value—most 
justly claim a place in the very first rank of scientific 
research, while in awarding credit for their achievement 
we must always remember to associate with our scientific 
workers the members of our air force, for whom no risk 
was too great and no work too arduous, and the record 
of whose gallant deeds during the war will always form 
one of the most glorious pages of our national history. 

To return, however, for a few minutes to the develop- 
ment of alloys research. As I have already said, a very 
large number of alloys were dealt with by the various 
committees, and it would be quite out of place in an 
address such as that I am now delivering to attempt 
to give—even in the barest outline—anything like a 
general sketch of the results obtained, but I do propose 
to direct your attention to some points relating to the 
light non-ferrous alloys which were investigated specially 
with a view to their use in aircraft construction, and, to 
save time, I will confine my remarks to two alloys, both 
of which have been produced and used in large quantities, 
both in the form of castings and forged or rolled material. 
These are the “A” alloy composed of 67 per cent. 
aluminium, 20 per cent. zinc, and 3 per cent. copper ; 
and the “Y” alloy composed of 92-5 per cent. of 
aluminium, 4 per cent. copper, 2 per cent. nickel, and 
1-5 per cent. magnesium. The special feature to which 
I desire to call attention is the remarkable effect of 
mechanical and thermal treatment on these alloys and 
others of the same class. A good deal of experimental 
work had to be done before the alloys could be success- 
fully subjected to treatment by forging and rolling, but 
thanks largely to the special equipment available at the 
National Physical Laboratory, success was ultimately 
secured. 

The “A” alloy (also known as the “3/20” alloy, 
in consequence of its composition) has a specific gravity 
of 3-1, and in the cast state it has an ultimate tensile 
strength of 12-6 tons per square inch, but by forging 
and hot rolling into rods 1{ in. diameter, its ultimate 
strength is raised to 26-9 tons per square inch, the yield- 
point being at 17-7 tons per square inch and the elonga- 
tion 18-5 per cent. in 2 in. 

In the case of the “Y” alloy the specific gravity 
is 2-8, the strength as cast is 11 tons per square inch 
but this can be raised to 21 tons per square inch by 
treatment of 6 hours in a nitrate bath at a temperature 
of 530 deg. C. and subsequent quenching in boiling 
water, while if forged and hot rolled into bars j in. in 
diameter the ultimate strength becomes 17-6 tons per 
square inch and the yield point is at 12 tons per square 
inch, the elongation being 20 per cent. in 2 in. 

Under fatigue tests (Wéhler’s method) both these 
alloys give excellent results, the safe range of alternating 
stresses at 20 deg. C. being, for alloy “A,” plus and 
minus 8-7 tons per square inch, and at 150 deg. C. plus 
and minus 4-5 tons, while for alloy “Y” the corre- 
sponding figures are, plus and minus 10-2 tons and 
8-2 tons. These two alloys certainly form striking 
examples of the effects of thermal and mechanical 
treatment, their strength as cast being in the case of the 








“A” alloy more than doubled and in that of the “ Y’’ 
alloy nearly doubled by the treatments described. 

In view of the purposes for which a number of the 
alloys were intended the committee adopted the practice 
of expressing their relative values by figures representing 
what was called their “specific tenacity,’ the figure 
corresponding to any alloy Gas determined by dividing 
its ultimate strength in tons per square inch by the 
weight in pounds of 1 cub. in. of the metal. Thus the 
alloy “A” has a specific tenacity of 262, while for the 
“Y” alloy the figure is 268, the latter figure being also 
that of duralumin. For comparison it may be added 
that steel having an ultimate strength of 30 tons per 
square inch would, using the same formula, have a 
specific tenacity of only 105. 

The relative proportions of strength to weight can 
also, as the committee have pointed out, be expressed in 
terms of the length of a rod or wire of the material which, 
when hanging vertically, just supports its own weight. 
For the “A” and “ Y”’ alloys and also for duralumin 
the length which could be so supported would be about 
9 7 while for the 30-ton steel it would be 3-7 miles 
only. 

This is a point about which I shall have more to 
say later on; for the present I only desire to direct 
attention to the striking effects of mechanical and thermal 
treatment on the physical properties of certain non- 
ferrous alloys, and to the fact that such comparatively 
high tensile strengths can be developed in metals of 
such low specific gravity. 

It must be recognised by all engineers that for many 
years past there has been steady growth in the demands 
for larger and larger structures and machines. Thus 
there is a call for vessels of increased tonnage, bridges of 
longer span, prime movers of greater power and electrical 
plant of greater capacity per unit, and the question as 
to how these demands can best be met is an important 
one. 

In the case of bridges there may be regarded three 
ways in which increases of span may be made com- 
mercially attainable, and these are: First, by improve- 
ments in the structural designs ; second, by the reduction 
of the so-called “‘ factors of safety’’ now adopted: and 
third, by the use of improved structural materials and 
constructive details. As regards the first of these 
alternatives there is, I think, no great chance of obtaining 
material aid. Great attention has been paid for many 
years past to the theoretical investigation of the merits 
and demerits of the various types of bridges most suitable 
for long spans, and it is now possible to calculate with 
reasonable accuracy the stresses, due to certain assumed 
loads, to which the unit members of such bridges are 
exposed. It certainly does not appear likely that 
any new type will be evolved possessing striking advan- 
tages as compared with those already known, 

As regards the second alternative, the prospects are 
better. The allowances made under this ae may be 
divided into two classes, first, those due to uncertainties 
as to the stresses to which the structures may be exposed, 
and, second, to uncertainties as to the qualities of the 
materials used and of the workmanship. These two 
classes of allowances are perfectly distinct in character 
and have to be considered independently. * Allowances 
of the first class are those—such as stresses due to wind 
pressures and changes of temperature, &c.—which 
depend largely on local circumstances, and they must 
therefore always be matters to be decided by the in- 
dividual judgment of the engineer responsible for the 
structure, so that a reduction in them cannot be calcu- 
lated upon. Allowances of the second class, on the other 
hand, come under a different category. They are 
allowances which would not be required at all if we 
could be absolutely certain of the quality of all the 
materials used and of the soundness of the workmanship, 
and there appear to be good reasons for believing that, 
under existing conditions, their amounts might be 
materially reduced as compared with those considered 
necessary even ten years ago. 

During that period vast improvements have, on the 
one hand, been made in our steel manufacturing pro- 
cesses, and especially in the direction of securing uni- 
formity of ‘qualtty, while, on the other hand, the facilities 
for thorough testing and inspection have been enor- 
mously increased. It is thus only reasonable that 
advantage should be taken of these facts to decrease 
the allowances under consideration. An additional 
reason for such action is also afforded by the great 
improvements which have been made in the plant of 
the chief bridge-building firms both at home and abroad, 
improvements which have resulted in securing a materially 
higher class of workmanship. 

We now come to the third alternative, namely, the 
use of improved structural materials. There has, of 
course, already been great progress in this direction, 
but there are no indications that we have reached the 
limits of such progress. It must be remembered that 
I am speaking now of those structures, such as long span 
bridges, in which the weight of the structure itself forms 
the larger portion of the total load supported. In such 
structures the importance of the property of the material 
denoted by the term “‘ specific tenacity ’’ is exceedingly 
great, and the successful manufacture, on a commercial 
scale, during recent years of various high quality alloy 
steels has quite changed the aspect of affairs, and has 
materially enlarged the limits of the practically per- 
missible spans of the different types of bridges. For 
instance, in the case of the proposed cantilever bridge 
of 1,600 ft. span at Sydney, the specification for which 
was issued last year, the tensile stresses permitted for 
carbon steel were 20,000 lb. per square inch for eyebars 
and 18,000 Ib. per square inch for riveted members, while 
for nickel steel or chrome nickel steel these stresses were 
increased by 40 per cent., or in the case of pure tensions 
45 per cent. 

If we take the lower of these permissible increases 
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and apply it to the case of a bridge of such design and 
span that if constructed of carbon steel the weight 
of the structure would be four times that of the useful 
load carried, it will be seen that for every 4 tons of 
carbon steel replaced by nickel steel there would be 


approximately a saving in weight of 4 — a = 1-15 


tons, which could be turned to account by adding to 
the permissible useful load carried or by revising the 
design of the bridge so as to reduce the weight of the 
structure as a whole. I have said approximately, 
because, although in the case of members subjected 
to pure tension the full effect of the seed strength 
of the nickel steel could probably be realised, this would 
not be so with all the members subject to compression, 
as the reduction of scantlings resulting from the employ- 
ment of the stronger steel would in some cases, by 
altering the ratio of length to the radius of gyration, 
modify the amount by which the cross-section of the 
material could be reduced. 

Making allowance for this, however, the effect of 
using the higher class material would be most important. 
These facts are, of course, well known to all engineers 
interested in bridge construction, and I only mention 
them now because there is another aspect from which 
the matter may be viewed. 

I have already called attention to the high value 
of the “specific tenacity’? obtained in certain light 
alloys by a suitable thermal and mechanical treatment, 
a point of great interest, as it shows that a high specific 
pane 4 is not essential to secure high tensile strength. 

am not proposing to build bridges of the alloys “A” 
and “ Y,” to which I have referred, as apart from the 
question of cost, it is desirable that we should know still 
more about such alloys and the ibility of using them 
in large masses before any such experiment is made ; 
but it may be interesting to point out what would be 
the effect of using a material having the same properties 
as the “A” alloy in the construction of a bridge such as 
that assumed in the example just dealt with. 

If we were justified in assuming that the practical 
relative values of the “‘A’’ alloy and ordinary carbon 
steel were strictly proportional to their “specific 
tenacity’? numbers, the weight of alloy required to 
replace 4 tons of carbon steel would be only 4 x 105 

268 
== 1-57 tons, a saving of 2-43 tons, which would enable 
the useful load to he most materially raissd or the weight 
of the structure to be very largely reduced. 

But even if we take a considerably less optimistic 
view of the value of the light alloy the results are re- 
markable. The “A” alloy ot as I have mentioned, an 
ultimate tensile strength of nearly 27 tons per square 
inch, and if the permissible working stress be taken 
as only three-fourths that of the ordinary carbon steel, 
the cross-sectional area of the members of the bridge 
would have to be increased in the ratio of four to three, 
as compared with those necessary for the steel. But the 
specific gravity of the “A” alloy is only 3-1 as against 
78 for the steel, so that the weight of the alloy required 


to replace the 4 tons of steel would be only 
4x4*x 3-1 - : 
-— kEC © = 2-12 tons, or, in other words, nearly 


half the dead load would be saved. The general result 
would thus be about the same as that which would 
follow the use of steel of such a quality that it could 
safely be subjected to a working stress twice as great as 
that egy my with ordinary carbon steel. But it must 
also be borne in mind that, as the scantlings of the 
members of tho bridge, if made of the light alloy, would 
be increased and the ratio of the length to the radius of 
gyration thus made more favourable, the saving of weight 
may be regarded as applying fully to the parts in com- 
pression as well as those in tension, which would not be 
the case if steel of high tensional strength were used. 

Now this example, as I have already stated, is not 
put forward as a serious proposition, but only to illustrate 
the importenne of the quality which has been named 
“specific tenacity,’’ and to indicate a direction in which 
in the future some decided advance may be made. At 
present these light alloys have been regarded chiefly as of 
importance for employment in aircraft construction, 
or for use in the parts of high-speed engines when it is 
desirable to reduce the effects of inertia, &c. ; but it is 
certainly worthy of consideration whether or not they 
are capable of other important applications. 

At present, however, the most hopeful line of progress 
in the development of structural materials suitable for 
the construction of bridges of exceptional span and for 
meeting other similar requirements appears to lie in the 
still further improvements of alloy steels and their treat- 
ment. The progress already made in this direction during 
recent years has, as I have said, been most important, 
and the fact that at the present time research work 
bearing on the subject is being so vigorously prosecuted 
by our leading steel maker: and others affords every 
ground for expecting substantial advances in the future. 

In speaking just now of the improvement of alloy 
steels I added the words “and their treatment.’ This 
“treatment,” whether “thermal’’ or “mechanical,” 
is—as is now generally recognised—a most important 
matter. In a certain sense there is nothing new in 
such treatment. Some, at all events, of the effects of 
such thermal and mechanical treatment were known 
to the workers of steel in India many centuries ago, 
while it seems most probable that in the days when men 
wore armour the reputations gained by certain armourers 
for the high character of their products were due not 
so much to the special quality of the steel they used 
as to their methods of treating that steel. There is, 
however, one great and most important difference 
between the methods of these early workers and those 
of the present day. The former were founded on the 
results of personal observations, and were handed down 





more or less imperfectly from generation to generation, 
and were hence at any time liable to be lost; while the 
latter constitute an organised branch of industrial science, 
carried out in such a way as to ensure certain effects and 
give results which are constantly being improved by the 
cumulative efforts of earnest workers. The modern 
methods of heat treatment, moreover, are not used only 
in connection with steel and its alloys, but are, as I 
have already pointed out, being most satisfactorily applied 
to the improvement of non-ferrous alloys of very varied 
composition. 

There is also another very striking difference between 
the methods of the ancients and those of the present day. 
In the olden times the use of heat treatment and its 
accessory, mechanical work, was confined to small articles, 
whereas in the present day the treatment is applied to 
large masses such as gun forgings, heavy shafts, armour 
plates, &c., and it is only by prolonged research and costly 
experiments that there has been gained the practical 
experience necessary to ensure successful results on 
a commercial scale. In connection with this matter 
it is also right to point out that the introduction during 
recent years of alloy steels—such as nickel and chrome 
steels—have vastly extended the field to be covered by 
experimental work. These steels have their particular 
qualities necessitating special treatment in the processes 
of hardening, tempering, &c., especially when dealing 
with large masses, and it is only by patient research, 
combined with experiments persistently carried out on a 
large scale that our steel makers have been able to attain 
their present results and satisfy commercially the 
demands of modern engineering practice. 

Nor have the demands upon our steel makers been 
confined to the experimental work to which I have just 
referred. As a result of these researches many processes 
in the manufacture have been materially modified, and 
this fact, combined with the demand for larger and 
larger castings and forgings, has necessitated changes 
of plant on a colossal scale. Gas furnaces, oil-heated 
furnaces and electric furnaces of a variety of types, 
suitable for dealing with large masses as well as small 
articles, have replaced the older arrangements for heating, 
while for controlling operations, radiation and optical 
pyrometers, and other instruments, have replaced the 
personal judgment of workmen, and have contributed 
in an important degree to secure that uniformity of 
product which is so essential if we are to take full 
advantage of the progress in metallurgical research. 

And here it is desirable that I should call attention 
to the great indebtedness of engineers for the improve- 
ments in metallic alloys of all kinds which have been 
rendered possible by the revelations of microscopical 
research. Over eighty years ago the Russian General 
Anossow employed the microscope to investigate the 
molecular structure of metals, but it is only in com- 
paratively recent years that this line of reserach has been 
so developed as to secure for it the very high place it 
now occupies. Prior to the development of microscopic 
analysis, for example, we knew that if we subjected a 
piece of steel to certain heat treatment its mechanical 
qualities would be altered, and although its chemical 
composition remained the same, the appearance of its 
fracture would be materially affected. But we were 
without definite information as to the modifications 
which had taken place in its molecular structure as 
@ consequence of these transformations. Microscopic 
investigation, however, aided by improvements in the 
preparation and treatment of the samples to be examined, 
has entirely changed this state of affairs, and has enabled 
us to trace out, step by step, the changes which take place 
at various stages of the treatment, as well as the effect— 
in the case of alloys—of modifications in the proportions 
of the constituents. The difference between these two 
stages of knowledge is enormous, as is evidenced by the 
developments which have been secured during the last 
quarter of a century. 

There is yet another direction in which microscopic 
research promises to be of value, and that is in providing 
us with definite information as to the changes of structure 
in different metals when they are injured by fatigue 
or are just on the point of fracture. In the James 
Forrest Lecture which I delivered in 1903 I referred to 
this point, and I am glad to know that since then experi- 
ments have been made in this direction. It occurred to 
me that if a cylindrical test-piece was turned down so 
as to form two tapering portions having their minimum 
diameter where they met at the centre of the length of 
the bar, and if this bar was then broken by tension 
there would be obtained two pieces which, prior to the 
fracture taking place, had, at different points in their 
length, been submitted to stresses varying in inverse 
ratio to the sectional area of the bar at the points selected, 
these stresses being easily determined from the breaking 
strength of the bar. If, now, one of the portions was 
planed down so as to leave exposed a longitudinal section 
on its axis, it would be possible by microscopic examina- 
tion along this axis to determine the points at which 
permanent changes of structure commenced, and what 
those changes were up to the points of fracture. 

Knowing the wide range of the micrographical re- 
searches which had been carried out by Sir Robert 
Hadfield, I wrote to him about this matter, and in 
reply he kindly placed at my disposal photographs 
obtained by him in 1916 which, though the experiments 
were not carried out exactly in the way just described, 
practically give the information wanted. In Sir Robert’s 
experiments the test bar was not tapered, but it, of 
course, became tapered on each side of the fracture, and 
microscopic examinations were made of both transverse 
and longitudinal sections at certain points corresponding 
to reductions of sectional area amounting to 10 per cent. 
25 per cent., 40 per cent. and 60 per cent. to 71 per cent. 
The steel tested contained 0-17 carbon, 0-21 silicon, 
0-40 manganese, and normal amounts of phosphorus and 
sulphur (about 0-04 per cent. of each); it was forged, 





but not subjected to any heat treatment. The longi- 
tudinal sections examined showed that even when the 
reduction of sectional area amounted to — 10 per cent. 
the ferrite crystals became elongated ; with a reduction 
of area of 25 per cent. the elongation of the crystals was 
more marked and the crystals showed signs of disturbance 
among themselves; with a reduction of area of 40 per 
cent. these features were exaggerated, and there were 
many cases of distortion of the crystals along the gliding 
plane; while when the reduction of area amounted 
to 71 per cent. the ferrite crystal junctions had become so 
extended that the crystals were no longer definable. 
Altogether the structure showed a complete breakdown 
of grain form. 

These results are very instructive, and it would be 
of much interest if the experiment could be repeated 
on steels of different composition and subjected to more 
or less suddenly applied loads, as compared with the 
gradual increase of load which takes place in the ordinary 
testing machine. Such experiments might throw a light 
on the variation in the behaviour of some steels—other- 
wise of the same general character—when subjected to 
impact tests. 

n speaking of the so-called “factors of safety” I 
have already expressed the opinion that, under existing 
conditions, some of the allowances at present made 
under this head are unnecessarily large, particularly 
in the case of important works in connection with which 
thoroughly efficient inspection of the materials used is 
carried out. An important point to be borne in mind is 
that in the present day inspection—and under the term 
“inspection ’’ should be included the systematic employ- 
ment of chemical analysis applied to both raw materials 
and finished products—is not confined to the purchaser or 
his representative, but in all our leading works forms 
more or less a part of the routine of manufacture. 

Again, the tests available are themselves not only 
more varied in character than formerly, but the appliances 
for carrying them out have, during recent years, been 
vastly improved in many ways, thus rendering it possible 
to secure far more accurate results with much less 
expenditure of time and trouble. Moreover, our ex- 
perience during the war has resulted in the training of men 
capable of using these appliances efficiently. This latter 
is perhaps a side issue, but it is worth bearing in mind. 

t may also be pointed out that during the last few 
years a most important addition to our methods of 
discovering defects in materials or workmanship has been 
placed at our disposal by the discovery of the X-rays, 
and already great progress has been made in the practical 
employment of these rays for inspection work, while there 
is every promise of further developments in the early 
future. 

There are two distinct ways in which these rays can 
be of service, namely, first by what may be called in- 
dustrial radiography, and second, by X-ray crystallo- 
graphy. These two methods of research are, as I have 
said, quite distinct in character, but they are both of 
practical importance. In the first method, which is that 
which has so far been chiefly developed in practice and 
which has been so extensively used in aid of surgery, 
the object to be examined is subjected to the X-rays, 
with the result that there is thrown upon a fluorescent 
screen or on a photographic plate the shadow of the 
object showing its gross structure and revealing any 
irregularities in that structure or the presence of any 
matter of a different character to the object itself. 

This method of inspection has already been largely 
developed, and during the war it was extensively used 
for determining the soundness, or otherwise, of timbers 
employed in the construction of aircraft, as well as for 
discovering defects in workmanship. It has also proved 
very efficient in the examination of castings in various 
metals and of forgings, as well as for detecting corrosion 
of the reinforcement of ferro-concrete. An outstanding 
advantage of this method of inspection, of course, is that 
it can be employed without in any way damaging the 
object examined. This feature renders it particularly 
suitable for examining the soundness of welds. 

The dimensions of objects which can be effectively 
searched in this way of course depends upon the material 
of which they are composed and the power of the X-ray 
plant available, but at present steel or iron can be 
searched to depths of about 3 in., aluminium and its 
alloys to about 6 in., and timbers of various kinds from 
about 15 in. to 20 in. Progress, moreover, is being 
constantly made in the directions of securing greater 
ranges of action and improved definition of details. 

The second method of research placed at our disposal 
by the discovery of X-rays is at present confined to 
laboratory use, but it is one which promises greatly to 
aid in our efforts to become thoroughly acquainted with 
the internal structure of the materials we use. Ordinary 
microscopic research has helped us enormously in this 
direction, but X-ray crystallography promises to carry 
us very much further. The present is not a suitable 
occasion to go into the details of this line of research, but, 
briefly, it may be described as a means whereby the 
crystalline structure of a body can be revealed even 
if the crystals are so minute as to be quite beyond the 
powers of microscopic analysis. Moreover, as_ this 
method of research, for the development of which we 
owe so much to Sir William Bragg, does not exert any 
disturbing influence on the body which is being examined, 
it gives the power of watching the changes of structure 
which take place when the object is ‘subjected to treat- 
ment which gives rise to such changes. F 

Speaking of X-ray crystallography naturally brings 
to mind the valuable work recently done in connection 
with atomic structure and the evolution of the elements. 
It is not so many years since such matters were con- 
sidered to be quite outside the interests of the practical 
users of constructive materials, but this, I am glad to say 
has ceased to be the case, and there is ample reason for 
believing that the earnest work (and wonderful skill in 
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devising methods of research) carried out by such in- 
vestigators as J. J. Thomson, Rutherford, Soddy, Bragg 
and others, will bring forth results which will have a 
most important influence on the practical work of the 
engineer. There are some points connected with these 
discoveries to which I should have liked to refer this 
evening, but the subject is one which has so many 
ramifications that on an occasion like this it would be 
impossible to deal with it in any adequate way. More- 
over, I have, perhaps, devoted more time than I ought 
to have done to questions relating to constructive 
materials, and it is necessary that I should turn to some 
other matters. 

In the first place I may say something respecting our 
chief prime movers. At the time the James Forrest 
Lecture, to which I have already referred, was delivered, 
our old friend, the steam engine, was rather “‘ under a 
cloud.’’ In fact a very eminent member of the Institu- 
tion did not hesitate to say that it was quite open to 
question whether engineers would not act wisely in giving 
up efforts to improve the steam engine and devote their 
energies to the development of the internal-combustion 
engine, which he regarded as the prime mover of the 
future. Fortunately, however, this view has not been 
generally adopted, and as a matter of fact the develop- 
ment of our steam-driven motors during the past 
eighteen years has been as great, if not greater, than in 
any similar period since the time of Watt. 

When I speak of developments I do not refer solely 
to increases in thermal efficiency. I no means 
underrate the importance of such efficiency, but at the 
same time I recognise that it is, to a certain extent, 
subservient to other qualifications. What a user of 
steam power desires is to obtain that power at the least 
possible overall cost, including not merely the expenditure 
on fuel, but also the outlay on attendance and main- 
tenance, together with the interest on the amount ex- 
pended in his installation of the plant and proper 
allowances for depreciation. 

In determining the best course to be adopted for the 
provision of motive power in any particular case many 
points have to be considered Much depends upon the 
nature of the load, regular or otherwise, and upon the 
number of hours worked per week, and there are not 
wanting exceptional cases in which a simple non- 
condensing engine of thoroughly good design and work- 
manship will prove more truly economical than the highest 
class of compound condensing engine. Whatever the 
class of engine used, however, it is important that the 
steam consumed should be produced at a cost which is 
the least possible for that particular case. 

In large installations such as those of our chief power 
stations, important economies in labour charges have 
for many years past been effected by the adoption of 
mechanical stoking and the introduction of efficient 
appliances for handling coal and removing ashes, &c. 
Plant of this kind has been greatly improved during recent 
years, and the results of its use must be taken into account 
in considering the present status of the steam engine as 
compared with other classes of motive power. 

As regards researches bearing on the thermal efficiency 
of the steam engine it is to be noted that during the 
last few years they have not been carried out on the old 
lines, but have chiefly related to the development of the 
steam turbine. It is now thirty-eight years since, in 
1884, the genius of Sir Charles A. Parsons gave us the 
first really practical steam turbine, and ever since that 
date the improvement of that motor has progressed 
steadily, while it is most gratifying to record that in 
the introduction of these improvements the original in- 
ventor has taken, and continues to take, a most prominent 
part. 

The first Parsons steam turbine, made in 1884, was 
a simple non-condensing turbine, while the first com- 
pound turbine was built in 1887, and it was not until 
1892 that a condensing turbine was produced. How the 
steam turbine has developed since then is common 
knowledge. In addition to the Parsons, various types 
of steam turbines have been introduced, such as the 
De Laval, the Curtis, the Rateau, the Zoelly, the Ljung- 
strém and others, while the growth in size of individual 
units has been prodigious and the increase in efficiency 
most important. This is not a suitable occasion to 
consider in detail the special features of various types 
of turbines, but I do desire to call attention to the fact 
that during the last nineteen years results have been 
obtained which most materially affect the position of 
the steam engine as a motive power. 

So far as I have been able to ascertain the best econo- 
mical result obtained with a steam turbine built prior 
to 1903 was that of a 1,500-kw. alternator installed by 
Messrs. Parsons at the Neptune Bank Station in 1902. 
This turbine was supplied with steam at 190 Ib. gauge 
pressure at the stop valve, with 70 deg. F. superheat, 
while its condenser gave a 27-in. vacuum. Under these 
conditions the steam consumption was 18-2 lb. of steam 
per kilowatt-hour, which would correspond to about 
13} Ib. per electrical horse-power hour. 

With this may be com the performance of a 
10,000-kw. unit installed by the same makers at the 
Carville Power Station, which at a test carried out in 
1919, showed a consumption of 10-04 Ib. of steam per 
kilowatt-hour. This may be regarded as equivalent to 
about 7} Ib. of steam per electrical horse-power hour— 
a reduction of about 43 per cent. on the 1902 per- 
formance. 

During the test at the Carville Power Station the 
steam was supplied at a stop-valve pressure of 257 lb. 
per square inch, with a superheat of 281 deg. F., while 
the vacuum was 29-04 in. In this case the difference 
between the total heat of the steam per pound as it 
reached the stop valve and the total heat of its con- 
densate was 1,322-1 British thermal units, and thus 
25-7 per cent. was converted into electrical energy. 

Moreover, in recording this result it is only fair to state 





that in this turbine the steam-way at the exhaust end was 
(from considerations of cost) considerably restricted, so 
that the kinetic energy carried away by the steam as it 
left the last row of blades amounted to about 8 per cent. 
of the adiabatic “ available heat,’’ whereas this leaving 
loss can generally be kept below 3 per cent. Bearing 
this fact in mind it thus seems that a thermal efficiency 
of 30 per cent. for a steam motor is within our reach. 

The steam turbine was, at an early stage of its history, 
utilised by Sir Charles Parsons to drive a dynamo direct, 
and, as is well known, this arrangement long continued 
to be exclusively adopted: but the fact that while the 
ae gongs of the steam turbine was improved by its 

ing run at a high speed the efficiency of the generator 
was decreased, led to the introduction of geared turbines. 
so that the relative speeds of the turbine and generator 
could he adjusted as desired. Later, gearing was also 
introduced to reduce the rotational speed of the turbine 
to that suitable for a screw propeller, and this arrange- 
ment has been attended with remarkable developments. 

Employed at first to enable the propellers of moderate 
sized vessels to be driven at a suitable speed by com- 
paratively small high-speed turbines, it has been extended 
to larger and larger vessels in both the Navy and the 
mercantile marine, until, in H.M.S. Hood, we have four 
sets of geared turbines developing collectively 144,000 h.p. 
In this case the screws are driven at 210 r.p.m., while 
the high and low-pressure turbines are run at speeds of 
1,500 r.p.m. and 1,100 r.p.m. respectively. 

In H.M.S8. Hood, and in all the earlier applications 
of geared turbines for marine propulsion, a single reduc- 
tion gear was employed, a pinion on the turbine shaft 
gearing into a wheel on the screw shaft; but a desire 
to utilise to the full the benefit of high speeds for the 
turbine led to the employment of double reduction gear, 
and a very large number of such installations are now 
in use. Unfortunately, the results have, in quite an 
important number of cases, proved to be unsatisfactory, 
and the question of how to prevent the defects which 
have occurred forms probably the most important problem 
which has demanded the attention of mechanical 
engineers for many years past. 

The failures referred to have been variously attributed 
to the use of unsuitable metal for the gears, to irregularity 
in the gear cutting, to disturbance of the alignment of 
the shafts and to other causes, but the whole subject 
deserves more systematic and thorough investigation 
than it has hitherto received, and it is to be hoped that 
this may soon be carried out and the results fully dis- 
cussed at one of our leading institutions, both makers 
and users of these gears being adequately represented. 

In the meantime it may be pointed out that the intro- 
duction of gears running at ye Ey speeds and trans- 
mitting very high power has led to the complete re- 
organising of the gear-cutting industry, and very large 
sums have been expended in the design and construction 
of gear-cutting machines capable of producing the 
gigantic gears now required for marine purposes, one 
firm at least having installed a machine for cutting gears 
up to 18 ft. in diameter and 7 ft. wide on the face, It 
may also be of interest to mention that in the recently- 
built twin-serew Pacific liner Empress of Canada, the 
main gear wheels on the screw shafts weigh about 65 tons 
each. 

I have referred to the demand for power units of 
increased size, and I may say that the largest installation 
of which I am aware is 60,000-kw. Westinghouse cross- 
compound triple-cylinder turbine now in use at the 
Seventy-fourth-street Power Station in New York. 
This unit consists of one high-pressure and two low- 
pressure elements, each element driving a separate 
generator. Steam is supplied at a pressure of 220 Ib. 
per square ingh absolute, with a superheat of 150 deg. F., 
while the condenser gives a 29-in. vacuum referred to a 
30-in. barometric pressure at 58-1 deg. F. The turbine 
is run at 1,500 r.p.m., and during a very complete series 
of tests made last year the lowest water consumption 
obtained when working under normal conditions was 
11 lb. per kilowatt-hour, while the highest thermal 
efficiency was 25-1 per cent. The heaviest load at 
which the turbine was tested was 67,168 kw. (about 
89,555 h.p.), under which load the water consumption 
was 11-3 lb. per kilowatt-hour. These results are of 
very great interest, relating as they do to a power unit 
which is, I believe, the largest of any type yet made. 

The development of the steam turbine has been the 
result of an enormous amount of strenuous and original 
work, both theoretical and constructional, the conditions 
to be satisfied being, to a large extent, entirely different 
to those existing in the case of the reciprocating engine. 
For instance, on the theoretical side the determination 
of the laws controlling the discharge of steam through 
orifices of various shapes—an investigation as yet very 
far from being complete—the calculations relating to the 
critical speed of shafts, the proportions of the discs 
of the rotors suitable for resisting the centrifugal forces 
set up, the forms and dimensions of the blades them- 
selves, and the best number of stages to be adopted 
under different conditions, are all matters of serious 
importance. Again, on the constructional side may be 
mentioned the selection of suitable materials for the 
blades and the mode of fixing the latter, the devices 
for preventing steam leakage, the arrangements for 
securing efficient lubrication, the methods of governing, 
the perfecting of condensers and air pumps to obtain 
the high vacua which are so essential to secure economic 
performance, and a number of other details which it is 
unnecessary to mention. 

A salient and most valuable feature in the steam 
turbine is the fact that it enables us to secure the advan- 
tage derivable from the employment of high velocities 
for the moving parts. In ordinary steam engines the 
forces requisite to accelerate and retard the reciprocating 
parts at the commencement and end of each stroke, 
respectively, place a limit on the speeds practically 





permissible, and in consequence the piston surfaces on 
which the steam acts have, as a rule, average 5) not 
exceeding 600 ft. to 800 ft. per minute, while in the 
steam turbine the blades receiving the impulse of the 
steam are being successfully run at speeds up to 600 ft. 
per second, or over 6} m.p.m. It is this enormous 

of movement which enables the comparatively 
fragile blading of a turbine to transmit the power due 
to the pressure of the still more rapidly moving steam. 

Of course these high blade speeds involve hig — 
of revolution of the turbine shafts and discs, and large 
turbine units are now being run at speeds up to 3,000 
r.p.m. Such high speeds give rise to very high centri- 
fugal stresses in the discs and necessitate the most careful 
balancing of the rotors as a whole. 

The figures which I have just given are representative 
of ordinary commercial practice, and do not define the 
limits of speed attainable. As illustrative of this I ma 
give particulars which I received a few days ago of a emai 
turbine recently made by Messrs. Ljungstrém, of Stock- 
holm. This turbine, which is of 150 b.h.p., is of the 
impulse t¢; with axial flow and has a mean blade 
diameter oP 40 mm. only (5-512 in.), but it is run at 
the speed of 40,000 r.p.m. This gives a mean blade 
_— of 952 ft. per second or over 11 miles per minute. 

he turbine drives a fan through a set of double-reduction 
gear having a total ratio of 43-4 to 1, the fourth gear 
ratio being 8-13 to 1, and second gear ratio being 5-34 
to 1. The first pinion of the gear has a diameter on the 
es line of 43 mm. (1-693 in.) and a breadth on pitch 
ine of 50 mm. (1-968 in.). It is made of hardened and 
heat-treated steel and is of the single helical type with 
the Ljungstrém flexible teeth. The speed on the pitch 
line is 295 ft. per second. The first bearing has a 
diameter of 40 mm. (1-575 in.), and has a surface speed 
of 275 ft. per second. These are altogether remarkable 
figures, and the whole installation is of very special 
interest. 

I have already referred to the necessity of securing 
the most exact balancing of the rotating parts of turbines, 
and this brings us to another point, namely, that the 
extensive manufacture of steam turbines, particularly 
those of large dimensions, has necessitated most important 
changes in workshop gy These large steam 
turbines are made up of heavy forgings and castings, 
which can only be produced successfully as the result 
of much experimental work, while their conversion into 
finished parts necessitates the installation of special 
machine tools of the most massive construction, served 
by lifting appliances of a correspondingly powerful class- 
For instance, in the case of the low-pressure turbine of 
the Cunard liner Aquitania the rotor is partly 10 ft. 
and partly 12 ft. in diameter, while the main bearings 
of the shaft are over 35 ft. apart between centres, and 
the weight of the rotor is 140 tons. On the other hand, 
the construction of steam turbines also involves the 
turning out of a vast number of small details which are 
row mye A suitable for mass production, and for these 
special plant has also to be provided. 

The points I have just mentioned are, no doubt, 
well known to many now present, but I have referred 
to them because I wish to emphasise the fact that the 
public generally—and the working classes in particular— 
do not, as a rule, at all appreciate what the successful 
introduction of a new type of motor, or a new manufac- 
turing process, really means. In the majority of cases— 
I might almost say with scarcely any exceptions— 
the desired end is only attained by the efforts—often 
extended over long periods—of the inventor, of the 
manufacturers by whom his invention is taken up, and 
lastly—but by no means least—by the financial aid of 
capitalists who are willing to invest their money in com- 
mercial undertakings. 

Turning now to steam engines of the reciprocating 
type, it cannot be said that any very striking develop- 
ments have taken place during the past few years; but 
this statement is not to be taken as asserting that no 
gy has been made in their design or construction. 

his is far from being the case. Like other classes of 
machinery, they have benefited by the availability of 
a wide range of constructive materials of an improved 
quality and by the great progress which has been made 
in the design and construction of machine tools. On 
the whole perhaps the most prominent features of ordinary 
steam engine practice in recent years have been the 
steady increase in the use of superheated steam and the 
improvements in connection with the condensers and air 
pumps. These latter improvements have been materially 
influenced by the demands for high vacua created by the 
steam turbine, while as regards the use of superheated 
steam practical success has been largely due to the 
introduction of alloys of special quality capable of satis- 
factorily withstanding stresses and frictional wear while 
subject to high temperatures. 

As regards steam raising, whether for use in turbines 
or reciprocating engines, the most striking feature has 
been the steady increase in the use of water-tube boilers 
and the great development of the use of oil fuel instead 
of coal for marine purposes. Originally chiefly used in 
warships oil fuel has now taken an established place in 
the mercantile marine, particularly in our great liners, 
and most excellent results are being obtained with it. 

Although, as I have said, internal-combustion engines 
have not succeeded in supplanting the steam engine, 
their use during recent years has increased enormous] 
in a great variety of directions. Engines of this kind, 
of small or moderate powers, are now being turned 
out at the rate of many thousands per day and are finding 
an endless number of fields of usefulness. Our motor 
cars and our aeroplanes are practically dependent on 
them, while their good service in connection with our 
submarines and high speed coastal boats is well known. 

As regards the larger sizes of this type of engine, 
such, for instance, as those suitable for marine pro- 
pulsion, the progress made has also been most satis- 
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eae ge and the number of vessels fitted with them 
and the size of those vessels is constantly increasing. 
The improvements which are leading to this result are 
largely matters of detail not suitable for treatment on 
an occasion of this kind, but it may be pointed out 
that in this as in other branches of engineering, success 
is very largely due to the introduction of the special 
materials of construction to which I have already 
directed attention. Steady progress is also heing made 
in the simplification of engines of this class, particularly 
in connection with those for marine propulsion, in which 
convenience of handling is a matter of such importance. 

There are a very large number of other directions 
in which advances have been made in recent years— 
all tending to extend the powers of the engineer; but 
with most of these it is impossible to deal in any way 
on the present occasion, while others I can only briefly 
mention. Amongst the latter, relating chiefly to 
mechanical engineering, may be included the great 
development of grinding machines which enable extreme 
accuracy of workmanship to be attained with very 
moderate expenditure, the introduction of electric and 
oxy-acetylene cutting and welding processes and the 
further improvements in steel for high-speed cutting 
tools; while the civil engineer has been benefited by 
the production of excavating and tunnelling machines, 
mechanical appliances for the construction, repair and 
maintenance of roads, dredging plant and pumping 
machinery, all having powers of output scarcely imagined 
a few years ago and all tending to reduce cost. 

It will, I think, be evident from the facts I have put 
before you that, in spite of the disturbances caused by 
the war, recent years have, so far as engineering know- 
ledge and practice are concerned, been years of most 
substantial progress from both the theoretical and 
practical points of view. Extensive and careful re- 
searches have materially increased our knowledge of the 
properties of steam and also of the actions which take 
place in the cylinders of internal-combustion engines 
using gaseous or liquid fuel, and have so rendered possible 
most important advances in the economy of our chief 
prime movers. Moreover, on the manufacturing side, 
the equipment of our engineering workshops has been so 
vastly improved that both steam and internal-combustion 
engines can now be turned out in large numbers of 
factories of sizes not even contemplated in our most 
advanced works twenty years ago. The range of con- 
structive materials available for the various purposes of 
the engineer has been enormously enlarged, and—what 
is quite as important—the qualities of these materials 
and the proper methods of their treatment have been 
defined with an accuracy which vastly increases their 
usefulness. In some directions, too, as, for instance, in 
the case of aeronautical work and some branches of 
electrical engineering—entirely new fields have been 
opened out for the employment of the engineer. 

Bearing these facts in mind there is, it appears to 
me, but one conclusion which can be drawn, namely, 
that our profession has before it a most brilliant future. 
Engineers have carried out great works in the past, 
and we all have most sincere admiration for our early 
eet pr who, with sparse data to help them, a very 
imited choice of structural materials, and often working 
with more or less crude appliances, secured most admir- 
able results. Again, in the present day engineers are, 
in an almost endless number of directions, carrying out 
work which may be regarded as the basis of our civilisa- 
tion, and which is conferring untold benefits on mankind : 
but in the future we may justly expect that they will 
accomplish even greater things. 

In considering the researches which have been carried 
out and the advances which have been made in recent 
years, there is one fact which appears to me to be of 
far greater importance than all others. It is this: 
in none of the researches referred to, varied and extensive 
as they have been, is there the slightest trace of finality. 
Much as has been discovered and great as has been the 
progress made, it is most certain that we have at present 
only effected the preliminary opening up of the mine 
of knowledge, and that the real wealth of its contents is as 
yet unknown to us. So far as we have gone, we can only 
say that the “impossible” of yesterday has become 
the “ possible ’’ of to-day, and in the early future many 
of these ‘ possibilities bid fair to become accomplished 
facts. Surely this is a great inheritance, which should 
incite our coming generavions of engineers to make most 
strenuous efforts to secure greater—and still greater— 
developments, so that they may in their turn, leave 
behind them a heritage more glorious still, 








AvToMoBILE Imports In Brazim.—During 1913, says 
the monthly review issued by the London and River 
Plate Bank, Limited, Brazil imported over 3,000 motor- 
cars, though during the war the deliveries were diminished, 
only 214 cars arriving in 1915, and 1,648 in 1917. 
Following the armistice there was a remarkable increase, 
the entries rising to 9,914 in 1920; but this evident 
excess brought a natural reaction, and last year only 
977 cars were purchased by this country. Before the 
war, France was the largest supplier, and in 1913 
furnished 953 cars; the United States of America 
holding second place with 814, Germany supplied 613 
cars, while Italy, Switzerland and England respectively 
followed in importance. Of the 1920 arrivals, no less 
than 9,008 cars came from the United States, France 
supplying only 224, and England 107. Last year the 
United States of America sold 403 cars to Brazil, Italy 
236, Germany 124, France 120, and Great Britain only 
41 cars. The use of cars has greatly augmented of late 
years; in 1919 the entries through Santos were 2,077, 
and to Rio 1,096, while in the same period Rio Grande 
pe 495 cars. During 1920 Santos received 4,130 
and Rio 1,718, Porto Allegre 1,702, and Pernambuco 
1,141, Out of last year’s diminished purchases Rio 
bought 38] and Santos 318 cars. 





EXPLOSION OF A WATER-TUBE BOILER. 


A PRELIMINARY inquiry has been made by the Board 
of Trade, under the provisions of the Boiler Explosions 
Acts, 1882 and 1890, with regard to the cause and circum- 
stances of the explosion of a boiler which occurred on 
March 28, 1922, at the Central Power House, Park-road, 
Hanley. The explosion was of a violent nature, but 
fortunately no one was injured. 

The boiler was owned by the mayor, aldermen and 
burgesses of the County Borough of Stoke-on-Trent. It 
was of the Stirling water-tube type, having three steam 
drums, 4 ft. in diameter by 8 ft. 4} in. in length and two 
mud drums, 3 ft. in diameter by 8 ft. 1 in. in length. 
The steam and mud drums were connected by four 
banks of tubes. There were five rows of tubes in the 
front and in the rear banks, and four rows in the two 
middle banks. In each row there were 15 tubes, making 
a total of 270 vertical tubes in the boiler. The steam 
and the mud drums were also connected respectively by 
curved horizontal tubes. The boiler was constructed of 
steel throughout. The tubes, which were of hot drawn 
weldless steel, were 3} in. in external diameter, by 
No. 10 I.W.G. in thickness. These were secured into 
their respective tube plates by expanding the ends, 
which were subsequently belled at the mouth. 

The boiler had a total heating surface of 4,096 sq. ft., 
a superheater surface of 284 sq. ft., and a grate area of 
75 sq.ft. The rate of evaporation was stated to be about 
18,900 Ib. of water per hour at a working pressure of 
200 lb. per square inch. The usual mountings were 
provided on the boiler, including three safety valves, 
two of the deadweight and one of the spring-loaded type 
each 2} in. in diameter. The boiler was made by the 
Stirling Boiler Company, Limited, at their works at 
Renfrew. The tubes were made by the Mannesmann 
Tube Company, Limited, and the installation was 
completed at the power house in March, 1918. The 
boiler was hydraulically tested to 300 Ib. per square inch 
in September, 1917. The age of the boiler was therefore 
fully four years. 

In November, 1921, the tenth tube in the fourth row 
of the back bank, and the sixth tube in the first row 
of the front bank, were renewed. Other minor repairs 
had been done to the boiler at various times, but no 
tubes renewed other than those mentioned. The boiler 
was insured by the National Boiler and General Insurance 
Company, Limited, St. Mary’s Parsonage, Manchester, 
and was periodically inspected by their inspectors, the 
last inspection being made on June 30, 1921. A sys- 
tematic inspection was also carried out about every three 
months by the power-house superintendent, Mr. W. A. 
Welden, and the engineers-in-charge acting under him, 
and by Mr. J. N. Waite, assistant to the borough elec- 
trical engineer. 

When the explosion occurred the seventh tube from 
the left in the front row of the front bank burst with a 
loud report accompanied by dense volumes of steam. 
The positions of the fractures were at a distance of about 
8 ft. from the lower drum. The larger opening of the two 
fractures was 4} in. in length by about 3} in. in width, 
reduced to a knife-edge thickness around the aperture. 
The smaller opening, which was about 2 in. from the 
other, was } in. in length by about } in. wide. The 
contents of the boiler were ejected through these openings 
on to the fire grate causing flames momentarily to emerge 
from the front of the boiler. The explosion was caused 
by local internal and external wastage of the tube, the 
weakness accentuated finally by overheating of the 
material due to an internal deposit of hard scale, which in 

laces was ¥ in. in thickness, The tube, in consequence, 
yecame unable to withstand the pressure to which it 
was subjected, which at the time of the gxplosion was 
about 200 Ib. per square inch. 

Mr. C. H. Haller, engineer-surveyor to the Board of 
Trade, in his “‘ remarks” states the boiler from which 
the explosion took place was known as No. 4, and was 
one of a group of eight water-tube boilers of the Stirling 
type used for generating steam supplying four turbo- 
alternators, two of which were of 1,500 kw. each and 
two of 3,000 kw. each. The boilers were fitted with 
forced draught, the maximum pressure at the fans was 
3 in. of water, regulated by suitable dampers at the boilers 
to a pressure of } in. The fuel used was coal of a class 
known as washed beans and slack, and was obtained from 
two local collieries ; the coal was fed into the furnace 
from hoppers by a travelling grate. 

The feed-water used for the boilers was the hotwell 
condensate supplemented by water from the town supply 
as required. The condensers were of the surface type, 
situated immediately below the turbines. Outside the 
building was a series of cooling towers which dealt with 
the cooling of the circulating water. This was drawn from 
the pond below the towers, pumped through the con- 
densers to the top of the towers, thus completing the 
circuit. Under normal conditions the feed make-up was, 
as previously stated, taken from the town supply. 
It could, however, be drawn from the tower circulating 
water, also from the canal near by. These alternatives 
were only stand-byes, and it was stated, very rarely 
reverted to. 

The whole of the installation was under the care of 
the borough electrical engineer, Mr. C. H. Yeaman, 
assisted by a responsible staff consisting of an assistant 
engineer, a power-house superintendent, and the engineers 
in charge. At the last examination, on June 30, 1921, 
by Mr. A. H. Brown, the insurance company’s inspector, 
it was found that tubes in the front row were bulged 
locally, over the fire, for about } in. This was attributed 
to slight overheating on account of internal scale. In 
November, 1921, at the general overhaul, the front bank 
of tubes was cleaned by the patent water turbine cleaners, 
water to which can be supplied at a pressure up to 240 Ib. 
per square inch. 





Continuing his report, Mr. Haller states that on the 





occasion of his visit to the station, three weeks after 
the explosion, the front row of tubes had been removed 
preparatory to new ones being fitted. The ruptured 
portion of the tube had been reserved for his inspection, 
and he found that the internal wastage was somewhat 
heavy. Where the hard deposit had not been disturbed 
a dark layer caused by corrosion could be seen underlying 
the scale. There was, on the fireside of the tube a certain 
amount of wastage extending for about 12 in. by 2} in. 
about the fractures. The weakness appeared to have 
developed gradually until finally the critical point was 
reached when the resistance of the material was over- 
come owing to overheating and reduction in thickness. 
Having regard to the possibility of a contaminated feed 
by the introduction of the circulation water or the canal 
water as supplementary feed, the internal corrosion 
would probably originate through corrosive acids con- 
tained in the water attacking the tube locally before 
the protective scale was formed. The heavy deposit 
at this part of the tube would not be visible when in- 
specting the boiler on account of the bends in the tube, 
and for its removal reliance was placed upon the rotary 
tube cleaners. 

The results of analyses of the external deposit on the 
tube and the internal scale were as follows :— 


External Deposit. 
Silica 
Oxide of iron 
Oxide of lead 
Sulphate of sodium 
Sulphuric anhydride 
Water, &c. Ser 
Copper .. 


4-00 

74-50 
4-00 
5-89 
2-50 
8-56 
traces 

Internal Scale. 
Silica 
Oxide of iron 


Sulphate of lime 
Hydrate of magnesia 


1-40 
2-80 
69-56 
25-47 


With regard to the lead content found in the external 
deposit, the report of the Stirling Boiler Company’s 
chemist, who made the analyses, contains the following 
remarks :— 

“Lead is a comparatively volatile metal and is 
deposited on the tubes as oxide and sulphate of lead. 
At high temperatures the iron takes away the oxygen 
and sulphur from the deposit, and is destroyed to this 
extent and forms a very fusible deposit which drops off 
into the furnace and exposes a fresh surface of iron to a 
recurrence of the action. In appearance the outside 
of the tube is much cleaner than it would have been 
had the failures been due to the ordinary action of the 
acid sulphate of soda, and even in the small amount of 
deposit I was able to scrape off, I found 4 per cent. of 
lead oxide. As this deposit contained 75 per cent. of 
oxide of iron, if we eliminate this the remainder of the 
deposit would contain about 16 per cent. of oxide of lead. 
The interna] scale is also a bad one, and would greatly 
help to keep the temperature of the tube up to the 
melting point of the oxide of lead.” 

In view of the results of these analyses, samples of the 
fuel at present in use were forwarded for examination, 
but no trace of lead was found. This was not un- 
expected, as the metal is rarely to be found in coal; 
nevertheless, states Mr. Haller, it is not improbable that 
during the last coal strike, when all sorts of rubbish was 
utilised for raising steam, this impurity might have 
been present in the fuel. 

In summing up this inquiry, Mr. Thomas Carlton, 
Engineer Surveyor-in-Chief to the Board of Trade, in 
his ‘‘ Observations” states: ‘“‘The heavy deposit of 
scale in the tube that failed would render the tube 
particularly liable to overheating, and it is probable that 
a sufficiently high temperature was attained to decompose 
the moisture in the scale with consequent corrosion of the 
tube and formation of a heavy oxide scale. Where, 
as in this case, the form of the tubes presents some 
difficulty in regard to cleaning, wastage of tubes due to 
overheating can be avoided only by the elimination of 
scale-forming substances from the feed-water, and it is 
satisfactory that action is being taken to improve the 
quality of the feed supply.” 


Tae MANcHESTER-LiIvERPOOL Roap.—Sir Henry 
Maybury, Director-General of Roads, presided at the 
Ministry of Transport, last Friday, over a meeting of 
representatives of the Lancashire County Council and 
the County Boroughs of South Lancashire, to consider 
the Liverpool-Manchester road scheme, for which surveys 
and estimates have just been completed by the Ministry’s 
staff. For the entire distance of 27 miles, a width of 
150 ft. between fences is contemplated, although actual 
road construction would be limited in the first instance 
to a paved carriage-way, 30 ft. wide, and two footways, 
leaving ample space for the subsequent duplication of the 
carriage-way, or any other pee age which the 
growth of traffic might conceivably call for. After 
discussion, the following resolution was carried unani- 
mously: ‘‘ That this meeting, without being in a position 
to bind its component authorities, expresses a favourable 
opinion upon the project for the construction of the new 
Manchester-Liverpool road, and with a view to alleviating 
as soon as possible the grave state of unemployment, 
respectfully requests Sir Henry Maybury to prepare and 
forward to the local authorities concerned a memorandum 
embodying his suggestions upon points raised during 
the discussion, such as the apportionment of cost, the 
allocation of labour, &c., and that he be asked to take 
into consideration the calling together of a small com- 
mittee comprising one representative from the county 
and one from each of the county boroughs, in order to 
promote the speedy development of the undertaking. 








